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This course is for chemist and techxxicians with little or no experience 
in^ analytical methods fpr trace metals.. Applicants should have basio^ 
laboratory skills including use of volumetric glassware and titration 

assemhlies,r , 

* 

After successfully completing the course, the student will have knowledge 
.about the theoretical concepts involved in the methods listed in**the 
Federal Register as approved for determining concentrations of trace 
metals, and will be able to'use these methods in a laboratory. 

The training consists of classroom instruction, student performance 
of laboratory procedures, and discussion of* each laboratory assignment 
and reported .results. , r 
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Reference-to c03?imercial products, trade names or 
manufacturers 4,s for purposes of example and 
illustration. Such references do not constitute 
endorsement by the QJfice of Water Program Operations 
U. S. Environmental Protection Agency. 
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FEDERAL REGISTER GUID^LINE^ FOR CHEMICAL ANALYSES 



I FEDERAL REGISTEJR GUIDELINES . 
V . ' 

A Authority. 

1 In 1972, section 304ig) of * Public Law 
'92-500, required the EPA Administra- 
tor to promulgate guidelines establishing 
test procedures for the analysis of pol- 
lutants that would include the factors 

that must be provided in any state certi- 1 
fication (section 401), or National 

^ Pojilutant Discharge Elimination System 
(NPDES) permit applit^atlon (section 

•402). 

2 These test procedures are to be uped * 
by applicants to demonstrate that efflu- 
ent dis'charges\ meet applicable pollutant 
discharge limitations, and by the states^ 
and other^enforcers in routine or random 
mcWtoring of effluents to verify effective- 
ness of pollution control measures* 

/ 

B Establishment 



Following a proposed listing there was a 
period for reply by interested parties. 
"The first rulemaking was published in 
the Federal Register on October 16, i973.^ 



1 



C Current Guidelines *. 

Proposed amehdments and update were 
^ published in 1975. The current' guide- 



lines W(?re^is^suecl in the December., 1, 
federal Register. 

D Format . ^ 



1976' 



1 Divisions 
■V . • 

The parameters are listed alphabetically 
including'^four subcategories of related 
tests: 

a bacteria • 

b n^etals , 
c radiologidltl 
d residue 

2 Standard References 

Those cited most often as sources of 
analytical procedures for the listings 

I are the EPA Chemical Methods 

Standard. iMethods? ASTM^ and U.S. 
* ^ Geological Survey? Other sources of 

procedures are given in footnotes to thg 
Table. 

II EPA CHEMICAL METHODS MANUAL 

A Analytical Procedures 

The EPA Chemical Methods Manual was 
developed for their water quality laboratories, 
'using Standard Methods and ASTM as basic * 
references. In many cases, EPA modified 
. methods from these sources or else develop- 
ed methods suitable for their own laboratories. 

. B Sampling and Preservation Techniques 



Manual;^ 



A*. 
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The "Approved Test Procedures'* are 
given in a table which lists 115 parameters^ 
the methodolo^ to be used to determine 
them, and either the page number irx standard 
references or else a source where th'e ana- 
l ytigftl p rocedu^^ can be foundl 




The' manual also contains a section on sam * 
plihg and preservation^. This is in* tabular 
form and contains information on volumes 
required for .analysis, the typg of container 
^•that can be used, preservation measures and 
lolding times. The current Federal Register 
references this Table for recommendations 
on \h^se aspects of sample handling forNI?DES/ 
' CertifijCation purposes. 

- .\\ 
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C Precision and Accuracy Data 

Precision ^nd accuracy data from intej- 
laboratory,.quaiit>', control studies are 
giveii for most 'of the methods cited. 

METHODS NOT JN 1976 GUIDELINES 

•iV^Application to Use 

A system has been established for permit 
• holders to apply for approval to use 
methods not listed in the December 1, 19.76 
Federal Register. One supplies reasons 
for using an alternative method to the Et^A 
Regional Administrator through the state 
agency which issues certifications and/ or 
permits. If tl^ state does not have such 
an agency* the application is submitted 
directly to the EPA Regional Administrator. 

B OrderNof Processing 



Before approving such applications, the 
Regional^dmm^ sends a copy to 

the Director^of ^e<*EPA Environmental 
Monitoring and Support Laboratory (EMSL) 
for review and recommendation. If the 
Regional Administrator rejects any appli- ' 
catiooi a copy is also sent to EMSL. Within 
90 days^ the applicant is to be 'notified (along 
with the appropriate state agency) of approval 
or rejection. EMSL also receives a copy of 

pproval or rejection notifications for purposes 
oriaational coordination. 



IV REQUIRED ANALYSES 

Which measurements are to be done and 
reported depend on the specifications of 
the individual certifications or permits. 

A • Mandatory for Secondary Plants 

By July*l, 1977 all_munici{)al secondary 
wastewater treatment plants will be re- 
quired to measure and report pH, BODg 
(biochemical oxygen demand), susj^ended 
solids and flow. Many plants are required 
to report these now. ' - 



B Additional for Secondary Plant's^. 

Measurements which also may be required 
of secondary treatment plants are 'fecal 
coliform bacteria, residual chlorine, 
settleable solids, COD (chemical oxygen 
demand),^ total phosphorus, -and the nitrogen 
series (total Kjeldahl N; NH3-N,. NO3-N, 
NOg-N). ' . 

C Municipalities and Industries 

Other required analyses depend on local 
factors for a municipality. Each industry 
* has^ requirements pertinent to the processes 
involved. 



_1 Non-specific ^ 

NQp-sp6cific measurements to assess 
overall water quality might be required 
like acidity, alkalinity, 6olor, turbidity, 
specific conductance. 

2 Organics ' _ 

Various organic analysl^s might b^ relevant 
such as total organic carbon, organic nil^rQ 
gen, phenols, oil and grease, surfactants,, 
"pesticides. * ^ 

3_ Metals . 

Specified metals may be 'of interest. ' 
Currently, 'the Federal Register lists 
^ 35 trace metals in the test procedure 
guidelines.'. 
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4 Others . ^ 

Cyanide, bromide, chloride, fluoride and 
" hardness are other measurements that 
might be require'd^ ' . 

V METHODOLOGY AND SKILLS >^ 

A Methodology 

The analytical methods specified in the 
Fedeil'al 'Register for these measurements^ 
range from ''wet'* proc^difres using^equip- 

- ^ ment commonly found, in most laboratories, 

to procedures requiring sophisticated , 
instruments such ars anorganic carbon 
analyzer or ah atomic absorption unit. 
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. B Skills 

The degree of amalytical skills required . 
to perform the analyses likewise varies* 
as does the cost of haying such analyses 
performed by service laboratories. 

VI . OTHER ANALYTICAL CONSIDERATION^ 

* A Samijle \ ' ' . 

The importance of securing a represent- 
ative sample of.the type (grab or compo- 
site) specified by the permit cannot be 
f over-stressed. 

B 'Record Keeping 

Keeping complete and permanent records 
about tl^e sample is also essential. Such 
records include conditions when the sample 
. was collectedf chain of custody signatures 
and details and results of analyses. 

C Quality Control 

^SThether the dnalyses are done'in-house 
or by a service laboratory, an Analytical* . 
Quality Control Program should be estab- . 
lished. Fifteen to twenty percent of 
analytical time (coBt) should be given to 
cheaking standard curves for colorimetry, 
analyzing duplicate samples to check pre-- 
cision and analyzing spiked samples to 
check accuracy. Recording precision and 
accuracy data on quality control charts is 
an effective method of using such data as' 
a daily check on analytical performance^ 
Th^^ can also be done with numbers 

. repo«ied qp "bli/id** samples sent ta 
service labs. 

Vn SUMMARY ( ' 

The December 1, 1976 Federal Register 
promulgates guidelines establishing test 
* procedures for the analysis of pollutants 
% which might be required for certification - 
\(PL 92-500. section 401)'o> for NPDES 
permits {PL 92-500, section 402), The 
issue lists page numbers in standard 
references >yhere procedures can be 
found to measure the 115 param'eters 



listed. It also updates the regulations for 
application to use methods not cited in the 
guidelines. The measurements which must 
be made are specified by either a ^tate 
'agency'or by U. S. EFA. Apparatus and 
prof esdionaL skills to do the_measurements_. 
will vary. Representative samples, com- 
plete records and analytical quality control 
measures are all necessary elements for 
producing reliable data.. 
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METHODOLOGY FOlR CHEMICAL ANALYSIS OF WATER AND'WASTEWATER 



\ I INTRODUCTION " ' , 

This ou^ine deals with chemicsd methods which 
are cdnu6only performed in water quality * 
labor atoi^ies. Although a large number of 
constituents or properties may be' of interest 
to the analyst* many of the methods employed 
\b measure them are based on the same 
analytical principles^ The purpose of this 
outline is to acquaint you-with the principles^^ 
involved in commonly-used chemical methods 
to determine water quality^ 



11 PRE-TREATMENTS 

:^or;3ome paramet^ers,* a preliminary treatment 
is. required before th^ analysis begins. These 
treatnients^^erve various purposes. 

% ■ * V e 

- . * 

A Distillation - To isplate*the constituent by 
heating a portion of the sample hiixture to 
separate the more volatile part(§). and then 
cooling and condensing the .resulting vapor (s) 
to recover the volatilized pcytion. 

'•B. Extraptipn - To isolate/ concentrate the # 
con&tituenf by shaking a portion gf the 
sample mi^ure with an immiscible solvent - 
in which the constituent is much more 
soluble; " ' ^ ' 

C Filtration - To .separate undissolved matter 
from ar sample mixtur^ by passing a portion 
of it through a filter of specified size. 
Particles that are dissolved in the original 
mixture are so small that they stay in the 
sample solution and pass through the filte^f. 

D Digestion •* To change constituents to a form 
amenable to^the specified test by heating a 
' poirtion of thfe sample mixture with chemicals. 



, ni METERS 

• / ; 

For^some parameters, meters have been 
designed to measure that specific constituent 
or property. ^ i 

ERIC . - • , . " 
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A pH Meters ^ 

pH (hydrogen ion concentration) is meas- 
ured as a difference in potential across a 
glass membrane "which is in contact with' 
the sample and with a reference solution. 
The sensor apparatus might be combined - 
into one probe or else it is divided into an 
indicating electrode (for the sa^jiple) and a 
, reference electrode (for the reference 
solution), "^^^efore using, the meter nvust 
be calibrated with a solutiop of known pH- 
(a buffer)iand then checkedlfor proper 
operation with a buffer of a\different ph 
value\ 

B Dilslsolved Oxygen Meters 

Dissolved oxygen meters measure the 
production of a current which is proportional 
to the amount of oxygen gas reduced at a 
cathode in the apparatus. The oxygen gas 
enters^ the electrode through a membrane, 
' and an electrolyte solution or gel .acts as a 
' transfer and reaction media. Prior to use 
the meter must be calibrated against a known 
pxygen gas concentration. 

C ^ConductivityMeters 

• ^ 
Specific conductance is measured with a 
meter containing a Wheatstone bridge which * 
measures the resistance of the sample 
solution to the transmission of'an electric 
current. The meter and cell are calibrated 
according to the. conductance of a standard 
solution'of potassium chloride at 25** C, 
measured by a "standard" cell with electrodes 
one cm square spaced bne cm apart. This 
,is Why^r^sults are called "specific'^con- 
ductance* ^ 



D Turbidimeters 



A turbidimeter compares the intensity of 
light scattered by particles in the sample 
under defined conditions with the intensity 
of light scattered by -a standard reference 
suspension. . , • - 
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l\- SPECIFfC ION ELECTRODES 

Just as the conventional glass electrodt^ 
for pH develops aff electrical potential -lu 
response to the activity of hydrogen ion 
Sn solution, the specific ion electrode 
de^^elops an electrical' potential in response 
tp the activity of the ion for which the electrode 
is specific. The potential and activity are 
related according to the Nernst equation. 
Simple analytical techniques can be applied 
to convert activity, to an expression of con- , 
centration. 

( 

These electrodes are used with a pH meter 
^ with an expanded mV scale or with a specific 
ion meter. Two examples are the amm^ia 
and fluoride electrodes. . 



1 Color change indicators 

I 

The method may utilize an indicator which 
changes color when the reaction is 
complete. For example, in the Chemical 

^Oxygen Demand Test - the indicator, 
ferroin, gives a blue-gi*een color to the 

-'mixture until the, oxidation -recjluction 
reaction is complete. Then the mixture 
is reVidish-brown. . 

* Several of these color-change, titrations * 
make use of the iodometric process 
whereby the constituent of interest quan- 
titatively releases free iodine. Starch 

' is added to give a blue color «intil enough- 
reducing agent (sodium thiosulfate or 
phenylarsine oxide) is added to react 
• with all the iodine. At this end point, 
the mixture becomes colorless. ' 
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A Ammonia 

-* 

The? ammonia electrode uses a hydrophobic 
gas -permeable membrane to separate the * 
sample solution from ap ammonium chloride ^ 
internal solution. Ammonia, in the sample 
diffuses through the membrane and alters 
the pH of the internal solution, which is . . 
sensed .by a pH electrode. The constant 
level of chloride in the mternal solution is / 
sensed by a^chloride selective ion electrode 
which acts as the reference electrode* 
* 

B Fluoride . . - 

The fluoride electrode consists of a lanthanum 
fluoride crystal across which a potential is 
developed by fluoride ions. The cell may be 
represented by AgMg CI, CI (0. 3),F (0.001) ^ 
LaF/test solution/SCE/. It is used in con- ' 
junction with a standard single junction 
reference clectr'oqie. 



V GENERAL^ALYTICAL METHODS 
trie Ans 

itr actions involve using a bu^:et to measure 
le volume of a standard solution of a sub- 
stfl^ce retired to completely react with 
the constituent of interest in a measured 
volume of sample. One can th^ calculate 
the original concentration of Uje. constituent 
of interest. ' .' * " 

There aj*e various ways to detect the end 
point' when tiie reaction is complete. ♦ • 



2 Electrical property indicators' 

Another way to detect end points is a 
change in an electrical property of the 
solution when the reaction is complete. 
In th^e chlorine titration a cell containing 
potassium chloride will produce a small 
direct current as long as free chlorine 
^s present. ^As a redoing agent (phen- 
ylarsine oxide) is added to reduce 
the thlorine, the microammeter which 
measures the existing direct current 
re^sters a lower reading on a scale. 
' By observing the scAle, the end point of 
total reduction of chlorine can be 
determined because the direct current 
ceases. ' ' 

, 3 Specified end points ' 

. . . 

For .acidity and alkalinity titrations, the i 
end points are specified pH values for 
the finaVmixture. The pH values are 
those existing when dommon acidity or 
. * alkalinity components have been neutral- 
ized. Thus aciAity is determined by 
titrating the sample with a standard 
alkali to*pH 8. 2 when carbonic acid 
would be neutralized to (CO3)" . Alka- 
. linity. (except for highly ..acidic samples) ^ 
is determined by titrating the sample^ - 
with, a standard jicid to p}i 4. 5 when the 
carbonate prfesent has been converted^ ^ 
to carbonic acid. pH meters are used to^ 
detect the specified end points. 



2-2 



Metiiodology for Chemical Aivaivsis of Water atut Wastewater 



B Graviniotru Proii'dures 



A Atomic Absurption . 



GravimciriK nietliods involve direct 
weighing of the constituent in ^ container. 
An empty container is weighed, the 
constituent is separated frpm the sample 
mixture and isolated in the ccmtamer, then 
the container with the constituent is weighed. 
The difference in the weights of the container ^ 
before aund after containing the constituent" 
represents the weight of the constituent. 

The type of contamer depends on the metKod , 
used to separate the constituent frjonvthe 
sainple nuxtui^e. In the solids determinatipn^, 
the contjftMr is an evaporating dish (total or 
-^dissolved) ^ a glass fiber &lter disc in a 
crucible (suspended). For oil and grease, 
the container is a flask* containing a residue 
after evaporation of a solvent. » 

C Combustion . • - ^ 

Combustion means to add oxygen. In the 
Total Organic Carbon Analysis, combustion 
is used within an instrument to convert 
carbonaceous material to carbon dioxide. • ."^ 
An infrared analyzer measures the carbon 
dioxide. 



V I PHOTOMETRIC METHODS 

These metliods involve th^ measurement of. light • 
that is absor^d or transmitted quantitatively 
either by the constituent of interest or else by 
a substance containing the constituent of interest 
which has resulted from* some treatment of 
the samplei The quantitative^ aspect ot the^e 
photometric metho.ds is based on applying th^ 
Lambert-Beer Law \«rhich estabTished that the 
amount of light absorbed is quantitatively » 
related to the concentration of the absorbing 
medium at a given wavelength and a given 
thickness of the medium through which the 
light passes. 

Each method requires preparing a set of ^ 
standard solutions containing known Amounts • 
of the constituent of interest.*^ Photometric 
values are obtained for the standards, .ThescF 
ape used to draw i\o«klibration (standgii'd) curve, 
•by plotting photometric values against the 
concentrations,^ Then, by locating the photo- 
ihetric yalue for the sample on this standard 
curve, the unknown cpncentration ui the 
sample can be determined. 



Atomic Absorption (AA) instruments utilize 
absorption of light of a characteristic wave- 
length. This form of analysis mvolves 
aspirating solutions of mejal ion^ (cations) 
or molecules containing metals into a 
flame where they are reduced to individual 
atoms in^a ground -electrical state. In this 
condition, the atoms can absorb radiation 
of a wavelength characteristic foV each 
element. A lamp contaiping the element of 
interest as the cathode is used as a source 
to emit the characteristic line spectrum for 
the element to be determined. 

• - 

The kmount^of energy absorbed is directly 
related to the concentration of th^ elenien^ 
of interest. Thus the Lambert-Beer Law 
applies. Standards can be prepared and " 
tested and the resulting absorbance values 
can be used to construct a calibration 
(standard) curve. Then the absorbance 
value for the sample is located on this cupye 
to determine the corresponding concentration. 



.1. 



ce the instrument is adjusted' to give 
optimum readings for the eler)ient of interest, 
thei testing of each solution can be done in 
a matter of seconds. Many laboratories 
wire recorders into their instruments to 
. rapidly transcribe the data, thus conserving 
time sp^nt on this aspect of the analysis;* 
* Atomic absorption techniques are geherally 
used,ibr metpis and semi-tmetals in solution 
or else so lubilized through some form of 
sample processing". For mercury, the 
principle is utilized but the absorption of 
'flight occurs in a flameless situation with 
the mercury in the vapor state and contained 
iir a closed glass cell. , , 

B Flame Emission 

Flame emission photometry involves 
measuring the amount of light given off by 
atoms drawn into a*flame/ At certain . • 
temperature's,' the' flame 3;aises the electrons 
in atoms to a higher energy'level. When 
the electrons fall back Jto a lower wergy- 
level, the atoms lose (emit) radiant energy 
wh(cli can be detected and measured. 

Again standards must ^e prepared and 
tested to prepare a calibration^ (standard) 
, curve. Then the transmission value of the 
sample can be located on the curve, to 
determine its concentration. • • , ' 

Many atomic absorption instruments can be 
used for flame i^^\o:\ pl'otometry. 
Sodium and potassiun, liie./ery effectively 
d^terpiined by the r -rbsioti technique. 
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However, for many elements, absorption 
^sdvsis is more sensuive &e<.au8e there are 
a great number of une\i iu:d atoms in the 
,* flame which are available to absorb the 
radiant energy. " 

C Colorimetry 

Colorimetric analyses involve treating 
standards which contain kno>*n (concentrations 
of the constituent of interest and also the 
sample with reagents to produce a colored 
solution. The greater the concentration of 
the constituent, the more intense will be 
the resulting color. 

The Lambert-Beer Law which relates the 
absorption of hght to the thickness and 
concentration of the absorbing medium 
aplHies. Accordingly, a spectrophotometer 
is ufkd to .measure the amount of light of 
appropriate wavelength which is absorbed 
by the same thickness of each solution/ 
The results from the standards are used tOr 
construct a calibration (standard) curve. 
Then the absorbance value for the sample 
is located^on this curve, to deteipninb the 
corresponding concentration. 

iMany^f the metals and several oth^r^ 
parameters (phosphorus, ''ammonia, nitrate. 
I nitrite, etc. ) are determined in this 
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^ yXl-.QAS-LIQUID CHRO^/tAT0GRA^Y 

Chromatograp^^ techniques involve a separa- 
tion of the components in a mixture by using 
a difference in th^ physical properties of the^ 
components. Gas-Liquid Chromatography 
(GLC.) involves separation, based on a differ- 
. ence in the properties of volatility and solu- • 
JDility. *Xhe method is used to determine 
algicides, chlorinated organic compounds^ 
and pesticides. •* * ' . 

The sample is introduced inti an injector ' 
block Wihich is at a high temperfiture (e. g. 
210**C), causing the liquid sample to volatilize. 
An inert carrier gas transports th^ sample 
components throu^ a liquicj held in splice as 
a thin film on an inert s6lid support material 
in a columns 

Sample components pass through the column 
* at a speed partly governed by Hife relative 
solubility of each in the" stationary liquid. 
, Thus the least soluble components are the 
first to reach-the detector. The type of 
detector used depends on the class of compoiincli 
involved. All detectors function to sense and 
measure the^quantity of each sample component 
as it comes off the column. The detector 
O nals a recorder system which registers 
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Atr witli Qihcr in>!' uiM u.ti nunhods, standards 
\Mlh known. LOiu cnirations of the substance o! . 
interest are measured ua tTie instrument.^ A 
calibration (standard) curve can be developcu/ 
and the concentration m a sample cart be 
determined frxyi^il,;.s graph. 
— i j . * 

Gas-Liquid chromatography methods are v^**. 
sensitive (nanograiv., picogram quantities) <it 
only small amotmts of samples are Inquired. 
On the other hand, this extreme sensmvit> . 
often necessitates extensive cleaiiktp of 
samples pnOr to G4.C analysis. 
VlTl AUTOMATE!-) METHODS 

The increasing numbed of samples and 
measurements to be made in water quality 
laboratories has stimulated efforts to autoir.v" 
these analyses, l/^mg smaller amounts of 
sample (semi-micro techniques), combiniri|z 
reagents for fewer measui^ements per anal^-^is, 
and using automatic dispensers are all meaii-? 
of saving analytical time. 
^ However, the term "automated laboratory 
procedures" usually means automatic intro- 
duction of the Sample into the Instrument, 
automatic treatment bf the sample to test for 
a, component of iajterest, 'automatic recg^ing 
o^ data and, increasi^ly, automatic calculating 
and-print-out of data. Maximum automation 
" systems involve continuous sampling direct 
-from thte sour^qje (e.g. an -in -place probe) witli 
telemetering qf results to a dentral computei ^ 

" Automated methods, ^especially "those based on 
colprimetric methodology, are recognized fir 
".several water'quality parameters including 
alkalinity, amnionia, nitrate, nitrite, phosphorus 
and hardness.** • > 

IX '^SOURCES OF PROCEDURES " 

^ Details of the procedure for^an individual 
^measurement can be found/m reference" books. 
There arje three partiLcularlv-recognized books 
of proj oHiii Ps for water (inslity measurements, 
*A S^^ndard M<>thods^^^ ' .. 

The American Public Health Associ^btion,^ ' ^ 
' the American Water Works Association 
and the Water Pollution Control Federation 
prepare and publish "Standard Methods for • 
the Examination Wat**** and Waistewaf^r. " 
^ As Indicated by the list of publishers, this 
book contains methods developed for use by 
. those interested in water or wastewater 
treatment. - * ^ ' ^ 

B ASTM Standards^^) > , 



The American Society for Testyig and • 
-Materials publishes an "Annual Book of 
ASTM Standards" containing specifications 
and methpds for testing materials. The 
"book" currently consists of 47 parts. 
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Methodology for Chemical Analysis of Water and Wastewatei^ 



The part appliiilble to water was formerly 
Part 23. It is how Part 31, . Water. 

J' 

' The methods are chosen by appro^fal of the 
"membership of ASTM and are intended to 
aid industry, government agencies and .the** 
general public. Methods are applicable to 
industrial wastewaters sus well as to either 
types of' #ater samples. ^ 

; EPA Methods Maiiual^^^ \ 

The United States Environmental Protection 
Agency publishes a manual of "Methods fo^r 
Chemical Analysis of Water and Wastps. " 

EPA developed this manu^^ to provide 
methodology for monitoring the quaJfty of 

v OUjT Nation*s waters and to determine the , ^ 
impact of waste dischai:ges.^ The test pror 
cedures were carefully selected to meet , 

' thesetieeds, using Standard Methods and , 
ASTM as basic reference^. In many cases, 
the EPA manual contains completely 
described procedures because they modified 
methods from the basic references. Other- 
wise, the^manual cites page numbers in 
the two references where the analytical 
procedures can be found. ^ ' ^ 



X ACCURACY AND PBECISION 



A Of the Method 



One of the criteria for choosing xxTethOds 
to be used for water quality analysis is $(iat 
the method should measure the .desired 
property or constitued*M«rith precifdon, 
accuracy, 'knd specifidt^uifficient-^tSTneet 
data needs. . Standard references, then, ^ 
include a statement of the precision and 
accuracy for the piethod which is obtained 
when (usually) several analysts in different 
laboratories used the particularnnethod. 



B Ctf the Analyst^. 



iach analyst should check his qw^' preci£lion 
and* accuracy as a test of his skill, in per- 
forming: a test. According to the U. S. EPA 
Handbook for Analytical Quality Control^^^, ^ 
he can do this in the following manner. • 



To check precision, the^analyst should ^ 
analyze sampled with four different 
concentrations of the constituent of interest; 
seven times each.* The ?tudy should cover 
at least two hours of Viormai laboratory 
operations to allow changes in conditions 
to affect the' results. Then he should 
calculate the* standard deviation' of each of 
the sets of .seven results and compare his 
values for the. lowest and highest concen- ^ 
tration^ested with the standard deviation* 
, value published for that method in the reference 
^ book. P^i individual should have better Values 
than those aiveraged from the work of several 
/analysts. * " v^ 

To check accuracy, he can use two of the 
samples used to check precision by adding 
a1axown%mount (spike) of the particular 
constituent in quantities to double the lowest 
concentration used, and to bring an inter- 

^mediate concentration to approximately 75% 
of the upper limit of application of the 

•method. He then analyzes each of the spiked 
samplesgjBven times, then calculates the 
avewhg^^ each set of seveh results. To 
calculate accuracy in terms of % recovery, 
he will also need to calculate the average of 
the results he got when he analyzed the 
unspiked samples. Then: 



% Recovery = 



Avg. of Spiked- 



Avg. of ^ 
Unspiked 



Amt; of 
Spike 



X loo 



Again, the individual's % recovery should be 
better than the published figure derived from 
the results of several^ analysts. 

Of Daily' Performance ' '^ 

\ 

Even after an analyst has demonstrated his 
personal skill in performing the analysis, 
a daily check. on precision and accuracy 
should be done^^* About one in every ten 
samples should be a duplicate to check > 
precision and about onerin every ten samples 
should be spiked to check accuracy. 

It is also beneficial to participate in intei*- • 
laboratory quality control programs. The ^ 
U.S. 5EPA provides reference samples at 
no charge to labbra^ories. These samples 
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' serve as independent checks on reagents, 
instruments or techniques; for draining 
analysts-or for comparative analyses within 
the laboratory. Ther.e is no certification 
or other formal evaluative function resulting 

. from their use. 

n; 

Xt SELECTION OF ANALYTICAL 
PROCEDURES 

Standard sources<^' 2, 3) jym^ for most 
parameters, contain more than one analytical 
procedure. . Selection of the procedure to be 
used in a specific instance involves consider- 
ation of the use tp be made of the data. In 
some cases, one must use Specified procedures. 
In others, one may be able to choose among 
several methods. 

A NPDES permits and State Certifications 

A specified analytical procedure must be 
used when a waste constituent is measured:. 

1 For an application for a National PoUutarit 
Discharge Elimination System (NPDES) 
permit under Section 402 of the Federal J ^ 
Water Pollution Control Act (FWPCA), 
as amended.^ 

« 

2 For reports required to be submitted by 
, dischargers under NPDES. ^ 

3 For certifications issued by States 
pursuant to Section 401 of the FWPCA, 
as amended. 

' \, - . . 

Analytical procedures to be used in these 
situations must ccaaJorm to those specified 
in Title 40, Chapter 1, Part 136, of the 
Code ofTederal Regulations (CFR). The 
' listings in the CFR usually ;<iite two different 
procedures for a particular measurement. 



. The CFR also provides a system of' 
' applying to "EPA for permissioiLto 

use me&ods not cited in the CFR. 

.Approval of alternative methods for 

nationT)H4e use will be published in 

the Fedem Register. 



Ambient XVater. Quality Monitoring \ ^ , 
♦ 

For Ambient Wi.rer Quality Monitoring, 
ansdytical -procedures have notAD^en 
\ specified by regulations. However, the 
selection of procedures to be used shpuld 
receive attention. Use of those listed in " 
the CFR is strongly recomn:fended. If 
any of the data obtained is going to be used 
in connection with NPDES permits* or may 
be used as evidence In a legal proceeding/ 
use bf procedures listed in the CFR is 
again strongly recommended. 

C Drinking Water Monitoring 

In December, 1975, National Interim ^ 
Primary Drinking Water Regulations 
to be effective June 24, 1977 were 
published in the Federal Register in * ^ 
Title 40, Chapter 1, Subchapter D, 
Part 141. The publication includes 
specification of analytical procedures 
to be used when determining compUanot- 
with tiie maximum contaminant levels 
of required parameters. 

Because of the low concentrations in- 
volved ,in the regiilations, there is often 
just one analytical method, cited for 
each parameter. - 

Individuals or organizations may apply 
to EPA for permission to use metho\is 
not cited in the above. Approval of 
altemati,ve methods for nationwide use^ 
will be published in the Fe^d^ral Register. * 



xn fiei:d kits 

Field kits have been devised to perform 
analyses outside of the laboratory. The kit , 
may contain equipment a^id^eagents fpr only 
one test or for a variety of measurements. 
It may be purchased put together by ^ , * 
agehcy to serve its particular needs. 

' Since such kits are devised for performing 
tests with minimum time and mjaximum, . 
simplicity, the types of labware afidte^gents 
employed usuaUy differ significantly from the 
equipment and supplies used to perform the 
same measurement in a laboratory.' 



Methoflology fo^ Chemical Ajpalysi^ of Water and Wastewater 



A Shortcomings ^ • c 

* ' Field conditions do not accommodate t^^ 

eqiaipment and services required for pre- 
treatments like distillation and ^digestion. 
Nor is it prictical to carry and use calibrated 
glassware liile btj^e'ts and volumetric pipet^. 
' Other problems are preparation, transport 
. and storage of high* quality reagents, of 
extra supplies required to test for -and remove 
sample interferences before making the 
measurement, and of instruments which 
'are very sensitive in detecting particular 
cons6tuents. One just cannot carry and 
set up laboratory facilities in the field which 

• ' are equivalent to stationary analytical 
* facilities, v 



B Uses 

Even feough the results of field tests are 
usually not as accurate and precise as those 
performed in the laboratory* such tests dp 
hav.e a place in.water quality programs. 

In situfiitidns where only an estiimte of the . 
concentrations of various constituents is 
required, field tests serve* well. They are 
invaluable sources of information for 
planning a full-scale sampling/ testing 
program when decisions must be made 
regarding location of sampling sites, 
schedule of sample collection, dilution of 
samples required for analysis, ftnd treat- 
ment of samples required to remove inter- 
ferences jgL analyses. 
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C NPDES Permits and'State Certification 

Kit methods are not approved for obtaining 
*data required for NPDES'perinits or State 
construction certifications. If one judges 
that such a method is justifiable for thfese 
purposes, he must apply to EPA for per- 
niission t9 use it. 



D Drinking Water Monitoring 

The DPD test kit for residual chlorine 'is 
approved in the December, 1975 Federal ' 
Register for monitoring drinking water. 

REFERENCES ' 

1 Standard Methods for the Examination of 
Water and Wastewater, I4th Edition. 

1976, APHA-AWWA-WPCF, 1015 18th Street, 
N.W.,. Washington, D.C. 20036 

2 .1975 Annual -Book of ASTM Standards, 

Part 31, Water. A'STM, 1916 Race Street ' 
Philadelphia, PA 19103. 

3 Methods for Chenucal Analysis of Water 
and Wastes. 1974, tJ. S; EPA, EMSL, 
Cincinnati, "OH 45268. 

4 Ahalytical QuaOity Control in Water and 

• Wastewater f^boratories. 1972. U. S. 
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Chemist, National Training and Operational 

.Technology Center, MOTD, OWPO, USEPA 
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SAMPLE HANDLING • FIELD THROUGH LABORATORY 



I PLANNING A SAMPUNG PROGRAM . 
A Factors to Consider: 

1 Locating sampling sites 

2 Sampling equipment 

' 3 Type of sample required 

a grab 

b composite 

4 Amoxmt of sample Required 

5 Frequency of boUection 

6 Preservation meastn;es^ if any 
B Decisive Criteria- 

1 Nature of the sample source . 

Stability of constituent(s) to be measured 

3 Ultimate usfe of data ^, ^ 

JI ^ REPRESENTATIVE SAMPLES \ 

* If a sampfe is to provide meaiiipgful and 
valid data about the parent population, it 
must be representative of the c<»iditiolis 
existing in tiiat parent source at the dap- 
pling location. 

A The container should b6 xinsed-^o tfr : 
. three times with tiie water to be collec!ted. 

B Compositing Samples 

1 For sbme sources, a composite of 

^ Qamples is znade which will represent 
the average situation for stable con? 
r ^ -stituents* 

2 The nature of the constituent to be 
determined may require a series of 

' separate samples* - 



6 The equipment used to collect the sample . 
' is an important factor to consider* ASTM 
has a detailed section on variouaf sampling 
devices and techniques,. 

P Great care must be exercised when collect- 
ing samples in sludge or mud areas acid 
near benthic deposits* NO ''definite^ proce- 
dure can be giyen, but careful effort should 
be made to obtain a representsytive sample* 



III SAMi>LE IDENTIFICATION 
i' * 

A Each sample must be unmistakably identified 
. preferably with a tag or label* The required 
information should be planned in advance* 

B An information form preprinted on the tags 
or labels provides imiformity of sample , 
records, assists the sampler, and helps 
ensure that vitsll information will not be 
omitted* 

C Useful Identification Information includes: 



. 9 
10 

11 
12 

13 



sample identity code 

signatureof sampler ^ 
signature of witness 
description of sampling location de- 
tailed enough to acconu^pdatft repro- 
ducible sampling* (]^t nuaiy be more 
convenient to record the details in the 
field recordJ)OOk)* ( 
sampling equipment used 
date of collection 
time of collection 
type of sample (grab or composite) 
, water temperature 
sampling conditions such as weather^ 
^ater level, flbw rate of source, etc* 
any preservative additions or techniques 
record of any determinations done in 
the field 

type of aAalyflies to be done in laboratory 
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^ IV SAMPLE >CONtelNERS 



A Available Materials 



f V 



1 glass 

2 plastic " / . 

3 hard rubber 

.B Consi<feratlons . 



1 Nature of the sample - Organics attack o 
polyethylene. 

^ 2, Nature of constituent(s) to be determined 
Cations can adsorb readily on^ls.ome 
plastics and on certain glassware. Metal 
or aluminum foil cap liners can inter- 
• fere with metal analyses. 

3 Presefvattves to be used - Mineral aci^s 
attack some plastics. 

4 Mailing Requirements - Containers 
should be large enough to allow extra 
volume foHj^ffects of temperature 

^ changes during transit. All caps i^hould ' 
be securely in-plit:^ Glass containers 
must be protected 'gainst breakage. ^ 
Styrofoam linings are useful for protect- 
ing glassware. 

C Prelim^ary Chfeck 

Any question of possible interferences re^ \ 
' lated to the- sample container should b^ 
• resolved before th^ study begins. A pre^^' 
limlnlfey check should be made using cor- 
responding sample materials* containers, 
pr^servat^es and analysis* 

D Cleaning ^ 

If new containers are to be used, prelim- 
inary cleaning is usually not necessary. 

If Ihe sample containers have been used^ 
previously, they should be carefully 
cleajj^d before use. ^ 

TSere are several cleaning methods^avail- . 
able. Choosing the best method Involves 
careful consideration of the nature%.oif>,the ^ 
sample and of the constituent(s) to be • 
determined. 



1 Phosphate, deter gents should not be \ 
used to clean containers for phosphdrt^s 
samples* 

^ * 

2 Traces of dichromate cleaning solution 



wiU interfere with metal analyses. 



\ 



E St0rAge . v 

Sample containers should be stored and 
transported in a manner to assure their 
readiness for use. 



V SAMPLE PRESERVATION 

Every effort should be made to achieve the 
shortest possible interval between sample 
t coilection.mid analyses. If there must be 
a delay and it is long enough to province' 
si^ificant changes in the sample, preser- 
vation-measures are required. ^ : 

Attfeest,"* however, preservation efforts 
can only retard changes that inevitably 
continue after the sample is removed 
from the parent population. 

A Functions 

* 

Methods of preservation are relatively 
limited. The primary functions of those 
. employed are: ^ , 

^1 to reteird biological action 

2 to retard precipitation or the hydrolysis 
of -cheinical compounds and complexes 

3 to reduce volatility of constituents 

B General Methods * ' 

1 pH control ^ This iffects precipitation 
. v; of metals, salt formation and can in- 
iiibit bacterial action. 

^ 2 Chemical Addition - The choice of 
chemical depends on the change to be 
controlled. J • " , 

^ Mercuria^shlori'de is Q6mm<^S^^ used 
^ as a bacterial inhibitor. Disposal of 
the mercuiy-contaiRing samples is* a ^ 
: problem and efforts to find a ^substitute 
J for this ^xicant are imderway. 
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Sample Handling - Field Through Laboratory 



^o' dispose of solutions of inorganic 
mercury salts, a recommended pro- 
r cedure is to capture and retain the 
mercury salts as the sulfide at a high 
pH. Several firms have tentatively 
agreed to accept the mercury sulfide 
. for re-processing after preliminary 
conditions are met. 

Refrigera%on and Freezing This is 
^ the best preservation technique avail- 
able, but it is not applicable to^all 
types of samples, ^t^is not always a 
practical technique for fiel^ operations. 

f 

C Specific Methods 

The EPA Methods .Manual^^' includ^s^ a 
table summarizing the holding times and 
preservation techniques for several ana- 
lytical procedures. This inforination also 
' can be foimd in the standard references 
(1#'2, 3) a3 part of the presentation of the 
individual procedures. 



VI METHODS OF ANALYSIS 



Standard reference books of analytical 
procedures to determine the physical 
and chemical characteristics of^rious 
types of water samples ate availfi^le.. 




. A EPA Methods Manual 



,The Methods Development and Quality i 
Assurance Research Laboratory of the 
Environmental Protection Agency, has* < 
published a rrlahual of wialytical procedures 
to provide methodology for monitoring the 
quality of ovr Nation Waters and to deter- VII 
n^e the impact of wakte discharges. The 
title of this manual is Y Methods for Chemical 
Analysis of Water andnVastes. "<2) 

For some procedures, the analyst is re- • 
f erred to Standard Methods and/ or to ASTM 
Standards. . ' . 



prep^ire a^d publish a volume ^e^ribi^ng 
methods of water ^^naljfsis. .These include 
-physical and chemical procedures. , The 
title of this book is "Standard Methods 
for the Examination of Water land Waste- 
, water. "<3) * , ^ 

C A&Tiyi standards 

. The American Society for Testing and _ ^ 
Materials publishes an annual "bodk" 
of specifications and methods for testing 
materials. The "book'* currently consists 
of 47 parts. The part applicable to water 
is a book titled, "Annual Book of ASTMs 
Standards", Part 31, Water.<l)'^' / 

D' Other References 

Current literature and other books of 
anatlytical procedures.with- related in- 
formation are available to the analyst. * 

E Federal Register Methodology ' 



When gathering data for National Pollutant 
Discharge Elimination System or State 
Ce«^Jfication report purposes, or for com- ^ 
pliance with maximum, contaminant levels 
in drinking water, the analyst must consult 
the Federal Register for a listing of approved 
afialytt'cal methodology, there he will be 
directed to pages in the above cited reference 
books^where acceptable procedures cah be 
foimd. The Federal Register also provides 
Information concerning the protocol forjob-^ 
tatnlilg approval tp^se analytical procedures 



B Standard Methods 
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The American PtibUc Health Association, 
the American Water Work§ Association 
and the Water Pollution (Control Federation 



othez' than those listed. 

A 



ORDER OF. ANALYSES 



The ideal situation is to perform all 
analyses Shortly aft^^ sajnple collection. 
In the practicsLl order, this is rarely 
I > possible. The allowable holding time for 
preserved samples is the basis for sched- 
uling analyses. 

A "The allowable hoding time for samples de- 
. pends on the nature of the Sample, the sta- 
^ bility x>t the constltuent(s) to be determined 
and the conditions of storage. ^ 
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1 , P<»5 some constituents and physical 
values, Immediate determination is 
required, g. dissolved oxygen, pH. 

2 Using preservation techniques, the 
holding time^ for other determinattons ^ 
range from 6 hourp (BOD) to 7 day^ 

• .(COD)/ Metals may be held up tb o 

m^ths.<2) 

3 TJhe EPA Methods Manual^^^ 'and Standard 
. Methods(3) include a table sijznmarizing 

holding times and preservation, techniques 
for several analytical procedur.es. This 
information can also be found in the 
standau?d,references (i» 2, 3) as part of 
the presentation of the individual pro- 
cedures. 

4 If dissolved concentrations are sought, 
fUtration should be done in.the field if 
at all possible. Otherwise, the sample 

* is filtered as soon as it is received in 
the laboratory. • A p. 45 micron mem- 
brane filter is recommended for re-, 
producible filtration. 

B The time interval between cbUection*and 
att'^ysife is important arid ^sh^d*be^ re- 
corded in the laboratory reci^^^cj boOk. 

Vm RECOBD KEEPING . 

The importance of maintaining a bound , 
legible record of pertinent inforixiatton 
on-samples cannot be over-emphasized. . 



B Laboratory Operations 

Samples should be logged in as soon as 
received and the analyses performed as * 
soon as possible. 

A bound notebook should be used. Preprinted 
data forms provide xmiformity of records and 
help ensxxre tiiat required information will be 
recorded. Such sheets should be permanent- 
ly boxmd. ' 

Items in the laboratory notebook would include: 

1 sample identifying code » 
2^ date and time of collection 

3 date and time of analysis 

4 the analytical method used 

5 any deviations from the analytical method 
used and why th^ was done 

6 data ob^^ed during analysis 

7 re^t^jOT quality control checks on the 
^analysis 

8 any information useful to those who 

' interpret and use the data . 

9 signature of the analyst \ 



IX 



A Field Operations 

» 

- A botmd-notebook should Ire used. Informa- 
tion that should be recorded Includes j 

1 Sample identification records (See part in). 

• 2 Any information requested by the aixalyst 
as significant _ 
-J ~ ' . • \ 

. 3 Details of sample preservation 



4 A complete record 6f data on any;»deter- 
minations done in the field. (See B,,4ext) 



SUMMARY , ^ 
♦ 

Valid data can be obtained only from a repre- 
sentative sample, unmistakably identified, 
carefully collected and stored. A akUled 
analyst, using app^roved methods of ai^p^ses 
and performing the determinations within 
the prescribed time limits, ^ can produce data 
for Sie sa^le. This data will be of value < 
only if a written record exists to verify saniple 
history f;»om the field through the laboratory. 
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ATOMIC ABSORPTION SPECTROPHOTOMETRY 




I ' INTRODUCTION , 

Atomic absorption spectres cqpy has been 
weli known to physicists and astronomers 

' . forbore than 100 years. In 1850. Klrchoff 
took light from the sun and coUimated it 
with a lens through the flame of an ordinary 
laboratory burner, and then passed the 
light through a prism which dispersed it 
into the characteristic visib^le spectrum 
with which we arc all familiar. He then 
took a platinum spoon containing a sodiunT' 

' salt and introduced it into the flame. He 
observed that the yellow light that was 
present in the spectrum disappeared and 
In its place appeared the characteristic* 
resonance lines of sodium. Since then 
astronomers have used the technique tor-^ 
detect and measure the concentration of 
metals m the vapors of stars. In 1953^ 
Walsh* recognized its potential advanUge 
over emission spectroscopy for trace 
metal' analysis.- He designed and built an 
analytically tiseful atomic absorption 
instrument. Shortly thereafter the adfc 
vantages of atomic absorption instrumfh-, 
tatlon were recognized in the United St^ites. 
>" 

n THEORY • 

The basis of the method is the measurement 
of the light absorbed at the wavelengtj|^f a 
resonance line by the unexcited atoms of 
the element. Elements not themselves 
excited to emission'^by a flame may be' * . - 
determined in a flame by abso^^ptlon prp- 
vided that the atomic state Is captble.Qf 
existence. * 

At the temperature of^a normal air- 
acetylene flame (2100 C) only about one .. 
oer cent of all atoms is jexcited to emission 
m ^ flame; therefore absorption due to a v 
transition from the ground-electronic • 
state to a higher energy level Is virtually, 
an absolute measuz'e of the number of atoms 
in the flame, -and the concentration of the 
element In the sample. Electrons will 
absorb energy at the same characteristic , 
wavelength at which they eymlt ei3|rgy. 
This is the principle upon which the tech^*^ 
nlque of atomic absorption spectroscopy 
is basJed. 
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The advantagffS of atomic absorption 
spectroscopy as compared to emission 
spectroscopy arc: (1) that atomic *> 
. absorption is independent of the excitation 
potential of the transition involved and' 
(2)- that it is leift subject to .temperature 
variation and interference from extraneous 
" radiation and interference from extraneous 
radiation or energy exchange between 
atoms. * ' ' 

Atomic absorption analytical apparatus 
(Figure 1) consists of -a suitable source > 
of li^htjamitting the line spectrum of an 
element, a device for vaporizing-Xhe 
sample, a mea^f of line isolation 
(monochomator or filter) and photo- 
electric detecting and nleasuring equipment. 

If the detector is placed to receive only 
the resonance line of the element from the 
light source, measurement can be made>of 

. the absorption of resonance-lineirs^diation 
on its passage through t^e va|K3rized 
sample. The magnitude of this absorption* 

. gives a measure of the concentration of 
Tree ground -state atoms' of the element in 
the vapor and when referred to a callbra- ^ 
Uon curve, provides a nieans of d|terminlng ■ 
the concentration of the^l^ent m the 
8ami)le. * * , ^ ' 

m INSTRU^IENTATION 

. 

The general arrangement of an absorption 

^^flame photometer is no different from an 1 

emission fl^me photonieter except 1for the 

addltldn of a light source. An aerosol is 

introduced into a^flame which is pla'ced on 

the optical axis betwe^en the^ entrance slit 

of the mono^chromatorVnd the monochromatic 

light source. Energy of the Wavelength 

absorbed by the sample is provided by a' ' 

source lamp whose emitting cathode is ^ 

> made of that element.' This ener©r is 

• \pa8sed through the flame and then through ^ 

a dlspersingxleVlce. A detector measures 

the absorbed and \ipabsorfoed exciting 

radiation. " ' * 



A I^igljtJSourw 
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For the more volatile elements such as 
the alkali metals, mercury and thallium. 
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the most convenient source' is the spectral 
vapor, lamp,, whigh consists of a closed 
glass or silica tube, into which are sealed 
oxide-coated glectrodes, containing ooe of 
the rare gases and some of the appropriate 
Vnetal^ For- line sourcfes Qf the less- 
' volatile elements, hollow-cathodeMischarge 
tubes have been found the most satisfactory. 
'Diese consist of an anode and hallow cylin- 
drical cathode (either composed of or lined 
with the appropriate metal) mounted in a 
sealed glass tub*e containing one of the 
rare gases (helium or argon). 

Lamps are' operated at low currents to ' 
improve linearity. of response ^nd maintain - 
narrow emission lines* 

B Vaporiwtion of Sample 

1 Atomic -absorption methods have been 
applied almost exclusively to the 
analysis -pf solutions and for this pur- ' 
pose flames, fed wJLth a fine spray of 
-the sample solution, similar to those 
employed in flame ^lotometry are used. 

The burner has two principal ftmctions 
to perform: ^ 

a It must introduce the sample into 
the flame. ^ 

b It must reduce the metal to the 
atomic state « 



V 

V-2 



1^ Burners cin be classified as: 

, a Total - consumption 

Those which Introduce the sample 
spray (iirectly into the flame. 
. ^ ; (Figure 2) 
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b Premix . ^ 

Tho«e ^hich introduce the spray into 
a condensing chamber for retho/ing 
large droplets. (Figure. 3) 

Flame shape is important. The flame 
^hould have ^ long path length (but a 
narrow wyth, such as a fishtailjlame) 
so that the source traverses an increased 
number of atoms ca^pable of contributing 
' to the#absorption signal. 

The effective length of the flame may < 
be increased by multiple passages 
through the flame with a reflecting 
mirror systeip, or by alignment of 
several burners in series. 

The flame tem*perature need only be 
high enough to dissociate molecular . 
compounds into the free metal atoms. 
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Typical flame temperature^ are shown 
in Table I. ' 

• \ Table J 



^ F\iel-Oxidant 


Approximate 
Temp.,OC ' 


Nitrous Oxide - acetylene 


3000 


Hydrogen - air 


2100 


Hydrogen - oxygen 


2.700 2800 


Acjptylene - oxygen 


-^3100* 


Acetylene -jair 


2000 - 2200 ' 


Propane - oxygen \ 


2700 - 2800 , 


Illuminating gas - oxygen 


2800 


Cyanogen - oxygen 


49Q0 
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Line Isolation > ' * ' 

1 The use of a line spectrum of thev^le«-y-s. * 
♦nient 'being determined, rather than a . , 

continuous spectrum, makes possible 
'the use of monochromators of low 
* resolving power or even filters. When 
a spectral lamp is used as a light source, 
it is -ohl^ecessary to isolate the 
resonance line from neighboring lines 
, of ihe light source or vaporized sample. 

The resolution of the method is implicit 
. in the width of the emission and absorp* 
tion lines; 

2 To realize the full potentialities of the 
method, 'the strongest absorption line 
must be used. For elements yith 
simple spectra, the resonance line 
arising from tlie lowest excited state is 
usually the line exhibiting strongest 
absorption. " ^ 

3 Calibration curvei depart from linearity 
at much lower >:onVent rations in absorp- * 
tion work as cbmpa^dj^ith emission ^ 

^•.vork. Curvature results partly from 
increased pressure broadening as the v 
concentration of salt rises, but.also 
depends on source character listics^ 
particularly self-absorption, and on 
the nature and homogeneity of the flame« • 

Detection^ 

1 Photo-electriCfdetectors used in atomic • 
3;b8orption analysis need be no more 
sensitive than those used^ emission 
analysis, since in the at^ic absorption 
method, com: ent ration of an element is 

. determined by measuring the reduction 
in inten^ty of the resonance line emitted 
from a source of high intensity. 

2 Single' or double -beam circuits may be 
adopted for work wjlth a single beam - 
mstrument, results are directly depend- 

^ ent upon source and detector stability. 
Both must be powered by separate , ^ 
power supplies. In a double-beam 
system small variations in the source 
signal are compensated automatically. 



/ EVALUATION 
A Sensitivity 

* 

1 For an air-acetylene flame of length 
2 or^3 cm the lower limits of detection 
of elements having low resdnance-line 
excitation potential (^^ Na-K) are^ v 
approximately equal in 'a single-beam 
atomic absorption and emission methods. 

2 For elements having highly reversed 
resonance lines or resonance lines of 
'high excitation potential, the atomic* 
absorption method has decided 
advantages over emission methods. 
Examples, of elements in these categories 
are Zh, Mg, Fe and'Mn. 

3 A disadvantage'.of the atomic-absorption 
method, when compared with flame 

/ emission, is the lack of a quick and 
simple method of varying sensitivity" 
to deal with solutions of widely varying 
element concentrations. The sensitivity 
. of an atomic-absorption instrument is 
determined almost entirely by flame 
charactex4stics, notably length of light 
path through the flam^. 

4 A comparison of sensitivity obtained by 
emission and adsorption techniques is 
given in Table II. • 

Precision 

1 Precision of a single -beam atomic 
absorption, instrument is primarily a 
function of the stability of light output 
from the spectral lamp. This in turn 
is dependent on the' stability of the main v 
supply and inherent stability of the lamp. 
The largest fluctuations' are only + 2 
percent for the hollow cathode*tube and 
sodium spectral vapor lamp. A doable - 
beam instrument significantly reduces 
this error. 

2 In common with flame-emission methods, 
atomic absorption is subject to "noise"' 
from the flame and the detector. Changes 
in ab'sbrption caused by fluctuations in 
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Element 


' Sensitivity mg/l 


i • 


Flame 


A. A 


Aluminum 


2 


0.5 


Antimony 




0.2 


Arsemc 




1.0 


Barium 


0.3 . 


1.0 


Beryllium 


25 


0.05 


Bismuth 




. 0.2 


Cadmium 


2 


0.01 


Calcium 


0. 003 , 


0.01 


Cesium 




0.05 


Chromium 


. 0. 1 


0.01 


Cobalt 




0. 15 


Copper 


O.&l 


0.005 


Gallium 




1.0 


Gold 




0. 1 


Imdium ^ 




0.5 


Iron 


0.2 


0.05 


Lead 


2 


' 0. 15 


Lithium 


0.002 « 


0.005 


Magnesium 


0. 1 


0.003 


Manganese 


0.01 


0.01 


Mercury 


10 


0.5 


Molybdenum 




0.2 


Nickel 




0.05 


Palladium 




1.0 


Platinum , 




0.5 


Potassium 


0.001 


0.005 


Rhodium 




0.3 


Rubidium 




0'.02 


Selenium 




1.0 


Silver 


0.05 


0.02 


Sodium 


' 0.002 


0.005 


Strontium , 


0.01 


0.02 


Tellurium 




0.5 


Titanium 




1.0 


Thallium 




0.2 


Tin 




2.0 


Vanadium 




0.5 


Zinc 


200 


0.005 



Table II 

' .flame temperaturfj^^e much less than 
those in emission because the strength' 
of the absorption line is prinqlpally 
dependent on DopplSr width whereas 
the intensity of emission from me flame.^y^ 
• is much more sensitive to temperature. 

C Accuracy 

This is s|iown by the types of interference 
found'in flame emission and atomic ab- ^^ 
sorption spectroscopy. .There are three 
types:. 

1 Physical 

Collisioh of atoms and electrons or , 
atoms and molecules will transfer 
en9r:|gy thus causing an enhancement or 
depression of analysis^lit^e emission. 



This has a larg^^ effect on ^lame • 
emission analysis but has only a 
negligible effedt on atomic absorption. 

2 Radiative . ' 

• * 

Light from elemen|^s other than the bm 
being measured pass the line isolating 
device (monochromator or filter). This 
occurs in flame emission work, for ^ 
^ example, the interference of calcium ! 
and magnesium in sodium determinations. 
This interference is also encountered 
in atomic absorption using a D. C. 
system but is v^y small because, of the 
" u'ge signal from the hollow -cathode 
ibe.« .Radiative interference is elimina^ 
th4 in an A. C. s'ystem. 

3 Chemidal 

^Emission from an element in the flame 
-is depressed -by the formatipn of com- 
pounds, which are not dissociated at 
flame temperatures. This also affects 
absorption because the formation of 
temperature - stable compounds in the 
flame causes proportionate reduction 
in the population of ground-state and 
excited atoms. 

Investigations to date suggest chemical 
interference is confined, almost 
entirely, tifthe alkaline -earth elements 
and that calcium absorption is more sub- 
- ject id this' interference than is magne- . 
slum absorption. - 

Typical calibration curves are shoWn 
in Figure 5. ' . ^ 



\ 
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V REMOVAL OF INTERFERENCES AND 
CONCENTRATION OF SAMPLE 



*"A Removal of- Interferences 



-The methods for overcoming, these inter- 
ferences in- atomic absorption are similar 
to those used in flame emission* namely* 
'either separation of interfering ions or 
suppression of the^interference^'ad- ; 
ditiori^in excess of, a substance mtat will 
prevent formakon of compounds Stetween 
interfering ions and the 'element being 
determined. 



B* Concentration of Sample 

> 1 .Organic separations can be used to 
concentrate a sample. In^erf erence? - 
are removed, as seen above, and also 
Ihe organic solvent enhances the absorpr 
tion. ^ 

2 Ion exchange has also been^used success- 
fully for concentrating samples for atomic' 
absorption. 



VI COPICLUSIONS 

Atpndc absorption n\ethods are as. good 
as or better than emission JJxethods, for , 
elements -to which they can both be 'applied, 
in sensitivity, precision and accuracy. 
They c'aii be applied to a'^&ir wider range 
of elements tha!n can en\ission analysis* 
The additional cos^of 'hollow ca^pde^is 
charge. tubes is compensated by the greater 
raj>^ of ans^lyses and greater reliability 
of results. .* ' 



* Vn INSTRUMENTS AVAILABLE 

A Perkin Elmer 

1 Model 303 - doul^le beam, AlE *'$5f920'. 00 

1 Model 290 - single beam, AC -$2,^900. 00 

'B Beckman attachments for -existin'g 
spectrophotometers 

^ V Use with model D. U. andD.U.-2- 
singW'beam, DC -$2,135.00 
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2 Use with model D, B. - single beam, 
. AC - $2,-^95. 00 , . 

•C Jarrell-jAsh ^ . 

1. Dual atomic absorption flame spectrometer- 
single beam, AC - $5,800..00 

D E.E. L. 

' 1 Atomic absorptirdij spectrophotometer - ^ 
single beam, AC - $2,-850. 00 
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ENERGY SOURCEiS FOR ATOMIC ABSORPTION SPECTROSCOPY 



I INTRODUCTION 



1^ 



The basic principle behind atomic absorption 
spectroscopy can be said to be opposite that 
of emission methods. Dx emission spectro- 
scopy the sample Is. raised ta a^nnetk stable 
excited energy level by an Input of energy. 
Then the s^ample Is allowed to^rfetum to Its 
stable ground state/ When the sample returns 
to Its groimd^ state energy -is given off and a 
high proportion of this energy is at a wave- 
length characteristic of the metal In the sample 
th^t^la^ging analyzed. 

In atomic absorption the element under Inves- 
tigation Is not excited but Is merely dissociated 
from Its chemical bonds, and in an uniexcited 
ground state.. It Is then capable of absorbing 
radiation at a characteristic wavelength. I.e.,.' 
tHe same wavelengthr as would be emitted If 
the element were excited. 

This difference affects both the sensltlvl^ 
and stability of results obtained In analyzing 
for element^ via atoxxiic absorption. ' Due to 
the fact that» even at optlmmn conditions In 
emission spectroscopy, for every atom avail- 
able In anf excited state there are mdny more 
available In the unexclted,dtate. Jlor example, 
for every calclmn atom-ln the excltetl state 
there are about a thousand dissociated and 
accessible to atoiaaic absorption. For zinc the 
ratio Is even greater, U>r every one atom that 
Is excited there are 10** available for atomic 
absorption* « , 

These numbers do not Indicate a direct pro- 
portional Increase In sensitivity. Some Increase 
Is noticed but not as large as the numbers 
Indicate* In addition to the sensitivity Increase, 
an increase in the stability is also obts^ned.^ 
If during analysis of zinc by emission spec- 
troscopy a change in flame would makeayallable 
another atom,^ & change of 100%Jnjtbe emission 
value has occurred but the chsmge in atomic 
absorption woiOd^ipt-be^lgnlflcfl^ * ^ 

In order to provide energy that the unexclted ^ 
atoms are capable of absorbings a hoUow 
cathode lamp la used in atomic absorption. ' 
Hollow cathode lamps are manufactured by 
several firms and the shape of the lamp has 



little to do with Its function. Basically, a 
hollow cathode lamp Is composed of an anode, 
cathode^^hleldlng^ envelope, end window and 
afillSir^as. ^, , ^ 

To provide energy at the specific wavelength 
neede,d for the element under analysis the hollow 
cathode lamp has Its catiiode constructed from 
or lined with -the element of interest usually in 
the shape of a cylinder closed at one ^end. As 
each lamp emits the line spectra of the element 
present in its cathode, a different lamp Is 
usually used for each element analyzed. 

Each hollow cathode lamp operates under the 
same general principle. The lamp envelope Is 
.filled with art Inert "gas, usually argon or neon, 
at a low piresdure (1 to 10 mm Hg). Once 
sufficient voltage Is applied across th^ electrodes 
within the lamp, the Inert ga^ ionizes and 
current begins to flow. When this happens 
positive gas Ions bonlbard the cathode'^^d 
heating occurs. As the lAner Surface of th& 
cathode heats,. It sputters and metal vapor 
fl^ls the cathode volume. Charged, gajB particles 
collide with the metal atom, raising Its valence' 
electrons to higher energy 'States. When these 
exQlted electrons retut^a to their ground state, 
they enalt light. The spectrum thus ^emitted 
contains the same wavelengths of light required 
for absorption by that metal atom under analysis* 
A^ many cathodes are alloyed to obtain mech- 
anlcal strength and as the gas fill Is also 
excited, the enalsslon of a hollow cathode lamp 
contains the spectra of more than one element. 

Another step to Increase the usefuUness of a 
hollow cathode lamp was to Incorporate Wore 
than one element Into :^e cathode so the lamp 
coyj^d bemused for more than one element. Tills 
has been done and there are available lamps 
that contain as many as siscelemients. Not all , 
elements can be usefully combined In multi- 
element lamps. 
* 

Some geminations are difficult or Impossible 
from a metallurgical viewpoint. Mor^ Important 
tcTVa^ user, some combinations,' though feasible 
'^fb manufacture, jrleld spectral interferences. 
Here the emission lines from one element lie 
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too close to those of another element, so that 

spurious abs'orption signals can results, if 

the second element is also present in the sample. 

When three or more elements are combined in 
a lamp, it is also frequently true that the • 
emission from the individual elements is not 
as bright as that fro'm* single -elegant lamps. - 
However, one chief advantage lies in the cost. 
A multi-element lamp is not proportionately 
as expensive as a single-element lamp. Also, 
the curves of absorbance versus concentration 
obtained with multi-element lamps may be less 
linear than those from single element sources, 
paj-ticularly at high absorptions. 

The operating .current of a hollow cathode lamp 
can be a critical parameter in optimizing an 
atomic absorption measurement. Lamp 
intensities and resulting absorbance in the 
flame do not change linearly with operating 
current^L Typically high absorbance and good 
signal-to-noise ratios are obtained at current 
near one-third the maximum lamp currents. 
Increasing the hollow cathode lamp current 
will increase its output intensity. But serisi- 
tivity is reduced through line broadening and/ or 
self reversal for some elements. As a result, 
we can^xpe<:t better sensitivity at lower lamp 
currentis. 

Most '^nuf acturers will provide a Tated max- 
imum current beyond which the lamp should 
not be operated. Any operation above this j 
current produces the danger of destruction of 
the^cathode. It is best to follow the manufacturer 
suggested operational current jyhen using its 
lamp. If' warm-up of the lamp is^necessary, ' as 
in a Single beam spectrophptoriieter this can be 
done at currents below the opera^g current, 
jDringing the lamp'to proper current just before 
"use; Lamp current wQl affect lamp life. ^ • 
Experimental data have shown that lamp life 
is reduced by the square of the current increase.' 

- Thus^ lower lamp current can only improve 
the performance and life of a hollow cathode 

' lamp. * " " ' 

Each hollow cathode lamp will have a different 
warm-up time which can vary from 5 to 20 
minutes. Use of a lamp in a single beam 
Instrument Will' require ^a warm-up time but 
a double beam instrument does not require 



this waiting period. The use in some. instru- 
ments of multiple-lamp turret assembly 
facilitates the operation of many lamps at 
different operating currents to speed the time 
of analysis by eUminating warm-up time when 
lamps are changed. In single beam instruments 
a multi-element lamp is attractive because 
all its elements are ready when one element is 
ready. ^ 

Lamp life is hard to estimate; however, most.. * 
manufacturers guarantee their lamps fgr a 
use period of five ampere hours. When this 
figure is. divided by typical operating currents, 
the average guarantee extends to between 300 
, and 500 hours of use. In practice, most lamps 
last a great deal longer. If lamps are not 
used regularly, it is wise to operate them for 
at least^one hour per month on normal current 
in order to reduce the possibUity of fluctuation 
when the lamp is finally put into use. 



n SUMMARY 

In atomic absorption spectroscopy, the hollow 
cathode lamp is perhaps the most important 
.component. The usefulness of a given analysis 
depends directly on the brightness, spectral 
purity ai>d stat?ility of the lamp. Also, the ^ 
) economic feasibiUty of owning atomic absorption 
equipment is often closely tied to hollow cathode 
lamp life. 
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BURNERS AND FUEL MIXTURES 



I INTRODUCTION 

T^e object of the burner and its fuel and 
oxidant gases on an atomic absorption 
spectrophotometer is to produce in the'flJane 
a supply of dissociated atozns in their ground 
or unexcited state. These atoms will then 
be available to absorb the energy provided by 
the hollow cathode lamp* . < ' ^ 



n BURNERS ^ 

There are generally two classifications of 
burners for atomic absorption. These are 
the total consumption burner and the pre-*mix 
or laminar flow burner. These burners hacve 
been covered in.the outline on the Fundamientals 
of Atomic Absorption. This butline includes, 
diagrammatic drawings of the two types* ^ 

The total consiunption burner is primarilj^ 
used in flame photometry and when atomic 
absorption came into existence the first ' 
attempt was to use this type burner. However, 
it has some severe limitations when applied 
to atomic absorption. Consequently, ^expert- 
mentation with various forms of burners led * 
to what is now the pre-»ntiix or laminar burner. 

Most manufacturers today use the pre-mi^ 
type burner ^th fiomt different modifications 
as tiie standard burner on their atomic 
absorption instrxmients. These burners are 
a three part system. They contain an « 
i|idependent nebulizer for sample introduction, 
a pre^xnix chamber and a burner head. 

Any burner design whether different by principle 
. or manufacturer's design 9hould have certain 
criteria. The burner should be stable, its 
absorptioiik^or a given concentratioii shouTd 
remain constant for as long as is possible^ 
A'bximer should also be quiets both audibly 
and ihstrumentally and not cause fluttering or 
' ^ wavering in the output. Burners should hive 
as little carry over from one sample to the 
next. They should also be easy to clean ud 
not easily corroded. 



Usually the pre-ntxix type of burner ^WU have 
the better results when the above criteria is 
compared between it and the total consumption 
burner. All these parameters can also vary 
from manufacturer to manufacturer and thought 
should be given ^hen a new instrument is 
contemplated or accessory equipment for 
existing instrumentation purchased. , 

A Nebuhzer 

The^nebulizer is simply a device used to 
asperate the sample into the burner and 
from there into the flam?. This device 
works on a venturi effect with tiie oxidant 
being moved across the tip of a stainless ^ 
steel capillary tube. This- causes a pressure 
drop along the capillary's length. When 
the other end of the tube is immersed in « 
" a liquid, that liquid will jip drawn through 
the tube and discharge^ in the oxidant 
stream where it is blown into a fine aerosol. 

The rate of asperation is controlled by 
ac^justing the position of the end 6f the 
capillary with respect to the oxidant flow. 
-*A i^ical optimum flow rate is approximately 
5 milliliters per minute. Most manufacturers 
provide some kind of adjustment device 
usually located on the front of the burner . 
which is used to adjust the How rate. 

B Pre-Mix Chamlper 

When the sample leaves the'nebulizer sectiotiP 
it is mixed with more oxidant and fuel and 
mixed again in the body of the burner ttself . 
All droplets of sample too heavy to progres? 
; into the burner head are collected by the 
baffUng and sides of the burner and flow down 
the drain' into the waste collection vessel. 
.Thib wasted portion of the sample can 
^jrpically amount to ninety percent of that 
asperated into the burner. The pre-mix 
section should be made of some material 
which will resist corrosion. 
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Thei dradn outlet of ;the burner should be * 
connected to some "type of drain receptacle 
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lower than the Instrument itself.* The, 
manufacturer's directions for connecting ; 
this- drain should be followed closely- 
most instruments provide a positive water ' 
seal somewhere in the system. TThis is 
do^e to prevent flashbacks in th^ burner. ^ 
Care should 1slso be taken to follow the 
manufacturer's directions for clea ning ; - 
both the nebulizer, mixing chamber, and 
burner head. 

C Burner Head 

The third part of the burner is the burner 
bead. Most instruments are so designeicl 
to aJlow a quick change of the head, of 
course caution should be taken that thd 
head being removed has had sufficient time 
to cfool# In most cases the burner head and 
burner body have some locking device which 
will not allow certain type heads to be used 
with various gas mixes. For exampje, the 
Bqllng. head should not be used with ^trous 
oxlde*acetylene gases, and the collar or 
^ locking device helps to prevent this; from 
accidentally being done. 

There are basically three types of burner 
heads with many variations of these three 

/' for specific needs. This is partially due to 
the manufacturers finding new ways to , 
Improve fixe design of the heads. The three 
types of heads are theBoUng he^d, the 

. nitrous'* oxide head and a type- of burner head 
designed to allow the analysis of samplel^ 
with hl^ solids content. 

1 Boling burner I^ead (Figure 1) , 

The Boling burner is distinctive in 
. appearance, having three separate, 
longltudhial orlfiqes- or jilts at the top 
of a compressed chamber with a triangular 
cross section. This design provides a-^ 
long,, flat flame which is actually composed 
of three flames whlcfi are separately 
supported and dlstlnc^t at the base. This 
burner can be used with alr-acetylene, 
alr4iydrogen, air-propane or argon- 
hydrogen flamea« It can bum 'concentrated 
solutions .without ^clogging and provides 
better sensitivlti^es for many metals. 
Many manufactui^ers provide this burner 
^ head as the standard head for their 
instruments.. 




Figure 1 
jjAung Burner Head 

2 Nitrous oxide head 

The nitrous oxide burner head is, as its 
name implies, used for elements which 
* need the ho^er flame to atomize and for 
the metals which readily form oxides in 
the flame and for the rare< earth elements. 
The elements included in the USEPA 
manual of Methods for Chemical Analysis ' 
of Water and Wastes that are to be 
determined by atomic absorption are 
listed in Table I. There are six elements 
that must be determined by the use of 
/ the nitrous oxide- acetylene flame in order 
" "^o attain sufficient sensitivities to fneet 
the^NPDES standards. 

Figures 2 and 3 show two types of citrous 
oxide heads. They are-both characterized 
by a thick head and a short slot (5 czn> 
V Instrumentation Labor atozy adds fins 
on both sides ofjbhe head to aid In cool 
and two trenches along the ^t to incre 
ambient air flow and reduce carbon 
buildup. 
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Figure 2 
'^strumehtation Laboratory 
Nitrous Oxide Burner Head 
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Figure 3 
Perkin-Elmer 
Nitrous Oxide Burner Head 

3 High solids head ' ' 

This head looks siniilar to the nitrous 
oxide head with the main difference being . 
the slot. The plot on the hi^ solids 
burner is both longer and wider. The 
prime purpose of this ttximer head is to 
allow analysis of one element in tlie 
presence of overwhelxxiing amounts of 
another element. The head should be 
used with the air-«cetylene flame and 
not with the nitrous oxide as danger of 
flash-back would exist. O&er heads are^ 
made for more specific purposes by 
each mantifacturer and reference should 
be made to the particular literature of 
^ the manu&icturer of the burner head. 



m GASES (FyEL AND OXJDANT) ^ . * 

Table I shows that for the metals listed in the 
Federal Register as being, capable of analysis ^ 
by atomic adbiorption, only two fuel oxidant 
mixtures are listed* Nitrous oxide and 
acetylene*air can be used to analyze most of 
^the metals* .The air* acetylene combination 
is not hot enough to dissociate most of the , 
compounds of a mmiber>of elements such as 
altuninuni^bof on 'todsiHcon. and it incompletely^ 
dissociates those of 6uer saetals like chrom1unri» 
molybdenum and barium. An additional problem 
is that the refractory elements are quick to . . 
form stable oxides, ^ " 



Some exceptions are noted to the fuel mixtures 
noted. above* These metals are easily 
■dissociated and.other means .can be use^d. For 
example,. the analysis of mercury is accomplished 
without a flame and arsenic and selenium are 
done using an argon*-hydron flame in the gaseous 
hydride procedure. 

« 

When using the nitrous oxide-acetylene flame 
a note on the safety pf operation should ^e added. 
Although not difficult to use, with modei^ 
atomic absorptipn inslbnunents this gas combi- 
nation is somewhat more likely to flash-back 
than air-acetyl^e when not u*sed,in'accordance 
with Instoictions. 

Table I in the outline on the Ftmdamentals of 
Atomic Absorption gives the burning temperatures 
of most fuel oxidant mixtures. Some of the 
combinations are not used in atomic absorption 
but are included as 'a. means df comparison. 



IV SUMMARY 

Each manufacturer of atomic. absorption 
instrumentation equips its instruments wim a 
standard burner head. Should the user desire, 
he can purchase additional burner heads. These 
are equipped with a common connector to the 
btimer body and no great problem exists to 
change from one hefd to another. There are 
, basically two burners, the total consumptloii^ 
apd the laminar flow or pre-mix type. 

The pre-mix type <:an utilize a number of hefa<^s 
such as the Boling; nitr^ous oxide or high solids 
each of which have specific uaas. 

Table I shows «the metal elemehts of which the 
NPDES program permits analysis by atomic 
.absorption and the fuel oxidalnt znixture 
recommended for its analysis.^ Two mixtures 
are of primary importance, that is the air- ^ 
acitylene and nitrous oxide-acetylene mixtures. 
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TABLE I 








Methods in USEPA Methods Manual 




1 


AlAminum 


Nitrous Oxide 


Acetylene * 


2 


Amimony 


Air 


Acetylene 


3 


Arsenic * 


Gaseous Hydride Method 


Acetylene 




Barium 


Nitrous 03dde 


.Acetylene 


5 


Beryllium 


^ Nitrous Oxide 


Acetylene 


6 


Cadmium 


^ Air 


Acetylene 


Calcium 


Air . 


Acetylene 


8 


Chromium 


N'itrous Oxide 


Acetylene 


.9 


Cobalt 


Air 


Acetylene 




dopper 


Air 


Acetjrlene 




Iron 


• 

Air 


' Acetylehe 




Lead 


Air 


Acetylene' 


'is 


Magnesium 


Air ^ ^ 


Acetylene 


; 14 


Manganese 


Air 


Acetylene' 


15 


Mercury 


Cold Vapor Technique 


Acetylene " 


16 


Molybdenum 


Nitrous Oxide 


Acetylene 


' 17 


Nickel 


Air 


Acetylene 


18 


Potassium . 


<Air ^ 


Acetylene 


19 


Selenium 


Gaseous^ydride Method 


Acetylene 


20 


Silver 


Air ^ 


Acetylene 


21 


Sodium 


f Air ' 


Acetylene 


22 


Thallium 


Air 


Acetylene 


^ 23 


Tin 


* Air 


Acetylene 


24 


Titanium 


Nitrbus Oxide 


Acetylene 


25 


Vanadium 


Nitrous Oxide . 


Acetylene 


26 


Zinc 


.'Air 


Acetylene 



•Burners and Fuel Mixtures 



REFERENCES' * "^This outline was prepared by J. D. PtitU, 

' National Training Center, MOTD, OWPO,' .\ 

1 Manual of Methods for Chemical Analysis USEPAt Cincizinatit .Ohio 45268. 

of Water and Wastes. USEJPA, Cincinnati, 
Olio. 1974. • ^ / ^ 

2 Instruction Handbook. Instrumentation' . * * - 

Laboratory, Inc. * 

3 Operation Instruction. PerJdn-Elmer Co. 

4 Kahn, Herbert L. Principles* and Practice ' Descrlpto/s: Spectroscopy, Spectrophotometer 

of Atomic Absorption. Advances in 
Chemistry Series, Niunber 73. 1968. 

5 Steensrud/ James A. Choosing an A. A. 

Spect^photometer. Research/ Develop* 
ment. August 1975. 



•ATOJVaC ABSORPTION « THE GRAPHrT& RUI^NACB. 



I INTRODUCTION 

Basically atomic absorp^on util^es the 
*^idea tHat metallic compouxids in & sample 
are introduced into a flame where they 
are dissociated and then converted to 
thei!r atomic ground state. \ These atoms - 
then absorb light energy from, a hpUow 
cathode lamp. The amount of ^bsorp^on' 
. is ^ proportional to the concentration of 
the material being analyzed in the sample. 

The graphite furziaoe rpplac^ the burner 
as the generator of atoms in the procedure 
^mentioned above. The general rule of 
thumb is to use the flame wherever poss« 
' ible for analysis. However, there are 
certsJff advantages and disadvantages 
. with DOth pieces of equipment. 

' ( 

A Advantages 

When only small amounts of sample^ are ^ 
available and several metals are to be'^i 
^ analyzed, the graphite furnace is the 
choice. Typical sample volumes used 
run from 5 to 100 microliters. ^^Co&e-^ 
quently, even a 50 ml sample could be 
used for a number of .analyses'. 



^ Disadvantages 



id 
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In general, less preparation •time is 
needed to obtain a^fcuiiace ready sam^ 
pie. In order to determine fi total metal, 
no chemical extrac^on step woulci |)e 
necessary for certadn metals as they 
could' be run directly in the furhace. 

^JChe^ftimace'grocedure is more sensi* . 
tive tbah the flame. This can be in an ^ 
order of magnitudey»jige (See Table I 
for some exas^lesPl^at is from 100 to 
1000 tinies. This means thkt in many »^ 
cases precwcentration is Qot necessary ' 
to reach the level that must be detected.' 

*. ^ , — 
Depending on what the analysis is being 
run for, liquid samples having finely - 
divided solids^do not have to be com* 
pletely in solution. The furnace can " 
handle samples that would clog the ' 
burner.* 
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The first and m^st obvious disadvantage 
associated with the furnace is cost. 
The fuxniace is an option that must be « 
inirchased separately puid will cost' 
thousands of dollars more. The flame 
is a normal ^rt of the instxniment and 
adds no extra cost. 

When compared to jli»ct as|>iration into 
the flame and not considering any pre- - 
treatment, the flame is faster* 'Once 
aspirated, the result is only several 
seconds away. However^ due to the ' 
steps involved in bbtstining U dry, 
chared and atomized, sample with the»* 
furnace^ several minutes are necessary'' 
to obtain results. So when doing aqueous 
samples which need no pre'treatment 
the flazne will be much faster* 

' Most of the interferences* conn^ied 
with the use of the flame in atoxic 
absorption ^re well understood and f 
can be compensated for, howevet, 
this is not truewith fiirnace technique^. 

""The user of tnll^famace must tmderstand 
the operation and what is going on during 
the various steps and constantly be^^ 
the^alert for interferences. As mentioned,- 
the complete make-op of the samiSle^'can 
affect^'the results> of tiie analysis. The ^ 
dissolved solids, larger concentration' 
of salts, organics, all may affect the 
analyses pf.a sample by the^fumace* 

^Consequently, the standards should be 
as close to ihe same ma^trix make->up 
as possible. 
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The spectrophotofneter 'portion of- the 
^fftfim remains the same. Hov^ever, . 
the 9aznpl6 introduction, and atoiniza* * 
tionnnetibods are changed^ The aspira-* 
tor and burner are replaced by an 
electricly heated graphite furn^ice. . • 

The'i^ample is usually.not introduced by • 
a contifiuous aspiration but in discrete 
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TABLE 1 

Atomic Abiorptioii Concentrition Ranges^'' 

Direct Asplmtion ' Funiace Prpcedur.e'*»" 



\ 



MeUl 



. J)ciectk>n 

Limit 
• m|/l 



Seositivity 
m|/l ' 



A tlllMlfflllffM 


o.r 


1 


5 


AfittmAnv 


0.2 • 


0.9 


V' 




0.002" 




0.002 


Banum(p) 


0.1 


a4 " 


I 


Beryllium 


aoos 


0.023 


0.05 


Cadmium 


O.00S 




0lO5 


Cakyim 
Chromium 


aoi 


oes 


0.2 


oos 


0.25 


0.5 


Cobtlt p 
Copper ^. 


0.0S 


0.2 


a5 


ao2 / 


o.r 


0.2 • 


GoW ' 


0.1 


a25 


a5 


Indium(p) 


3 


s 


20 • 


Iron 


0.03 


ai2 * 


0.3 * 


Lead> 


6.1 


as 


1 


Maincsium 


^001 


0.007 


0.02 


Manpnese 


0.0L. 


0.05 


0.1 


Mercury"* 


0.0002 ' 




0.0002 


Mo<ybdenum(p) 


ai 


0.4 


1 

a3 


Nidcel(p) 


004 


ai5 


Pjunium 


a3 


1 


2 


PalUdium(p) 


0.1 


y 0.25 


0.3 


PUn,num(p) 


0.2 




5 


Po(a«tum 


0.01 ' 


' 0.04 


0.1 


Rhenium(p) 


5 


15 

\X3 - 


30 


Rhodium(p) 


0.0S 


1 


RutKenium 


0.2 


0.5 


1 


Selenium'^* 


O.0O2 




0.002 


Silver 


0.01 


0.06 


0,1 


Sodium 


aoo2 


aoi5 " 


0.03 


Thallium 


ai 


0.9 


1 


Tm 


0.8 


4 


^0 


Titanium (p) 


0.4 


'2 


9 


Vanadium (p) 


0.2 


0.8 


2 


21inc 


aoo9 


0,02 

1 

d 


ao5 



optimum 
Cbocenjrttion 

mVl 

!!0' 



ao2 - 

20 
2 

2 ' 
7 
10 

5 " 
5 

20 ' 
300 

< -4. 

5 

20 « 

. 

, OOJ* 
40 

5 : 

100 

15 

75 
2 • 
1000 ' 

30 

30 • 
0.02 
4 
1 

20 * 
300 • 
100 

100 • 

U 





Optimum 




DetectKM 


Concentration 


Linyt 


Range. 




U|/l 


' 'ug/l 




\ 3 * 


'20 - 




' 3. 


20 


300 


1 


5 


100 


2 


10 


200 


0.2 


1 


30 


ai 


• 0.5 - 


10 


1 


5 


_ 

ICO 


1 


5 


100 


1 


5 


100 


1 


5 


100 


30 I 


-100 * - 


1300 


1 


5 


100 


1 


5 


100 








0.2 


1 


30x 


1 


3 


60 


1 


3 . 


100 


20 


30 


300 


• 5 


. 20 4 


400 


20 


100. - 


2000 


• 200 


500 - 


3000 


5 


^ 20 - 


y400 


20 


100 - . 


2O0O 


2 


5 * 


100 


0.2 


1 


25 


1 


5 . 


100 


5 


20 


300 


10 


30 


300 


4 


10 


200 


ao9 


a2 - ' 


4 



(1) 

(2) 
(3) 
(4) 
(5) 



The concentration* shown tr» not contrived value, and ihodd.be obuinable with any latiafactory atomic abwrption 
Spectrophotometer. ^ 
GaHoya hydride method 
Cold vapor technique. 

Foffumaccaemitivityvalueacowultinairumentoperatiniinanutl. , ^ , • ^ 

The listed furnace values are thoae ex^K^ when u«nf a 20 vl injection and normal pa flow except in the caae of arsenic and 
seknium where taa Interrupt to used Ttfaymbol (p) I 
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axnounts by a pipet* Unless^ automatic 
sampler Is attached to the Inistnmient 
(optional equipment) the .operator o&the . 
instrumenf introduces from al^ut 5 to 
^ 100 microliters of the material to be 
' measured. This pipeting is a technique ' 
' and how it is carxied^out will affect the 
reproducibility of the procedure* The 
micro'^pipets should be accurate and ^ 
deliver a reproducible amount* They are 
available from sevexel chemical supply 
houses and usually from instrument 

• manufacturers. , 

After the -sample has been added the ^ 
pre-selecteri program is begun. An 
Inert purge gas flow is initiated and/ 

• flows fixrough the graphite tube. This . 
purge gas is used to project the tube 

• froxfi air oxidation as well as to sweep 
^materials oixt of the tube.^ 'fhe purge 
gas flows throughout the program in 
soine" instnmaents« unless specifically 
stopped by the operator. . , ; 

Usually the program is in three to four 
steps. These are the drying* charing, 
atomization and perhaps a clean-up step. 
During eaci^ step the temperature of the 
graphite tube is increased. The furnace 
is cooled by ^ water to protect it' against 
overheating and to return the tube- to • 
starting temperature before th^xnext 
run. In the atomization step« the atomic 
absorption reading is taken by passing 
light from' a hollow cathode lamp though 
the graphite tube and measuring the 
amount of absorbed, light. 

Most instruments have some f opm of 
display which indicates the absorption 
or if calibrated^ the concentration of the 
measured sample. . Cq{isequently« a 
recorder is not a necessity. HoWfever, 
much Vialuable information csui be gained 
by having a rec'order in bperation during 

prograni sequence* In Addition a 
hard copy of the results is available to 
the operator. It is recommended tiiat a 
recorder be available for use with the 

• .instrument.- • • " 

m' OPERATIONAL TECHNIQUES ^ 
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A The Graphite Tube 

The general wdrkings of the gra^hltp 
• furnace have been discussed. Now 
let's look closer at each portion of the 
furziace. The graphite tubers configura-* 
tion varies with each manufacturer. It 
is usually a cy^drical tube open* at 
both ends and has an opening near mid«- 
point^for sample introduction. The tube 
is ustJally surrounded by son;e device 
which will fac^t^te cooling by the use 
of a flow of water and is.heatpd by 
electrical. contacts. 

, The size and consequently the amoimt 
6f sample capable of being used varies 
considei^ably. with manufacturers. Inter-* 
nally the tube may have grooves or threads 
lr)i order to' more eas'ily retain the sample 
in the center portion of the tube 9pecif icly 
^hen orgsmic solvents are used. Some 
^ manufacturers utilize a cup type' of tube 
. which is open on top and capable, of 
holding' large^ amounts of sample ^an . 
their tube. Salnple size limits vfry 
from about 5 u 1 to 100 u J. Organic - * , 
solvents may be used in the furnace, 
however, usually smaller sample sizes i 
^must be used due to' the solvent tending 
to spread more easily in the tube. - * ' - 

Tubes are alvailahile from most manu- 
^ facturers and for some instrument^ 
■ that are pyrolyticly coated. . The 
advantages of^this coating is to increase 
tube-*life, it also helps to prevent diffiision 
of the sample through th^ porotts gt^aphite 
and it stops formation of carbfd^sl,' The - 
pyrolytic coating helps to preV^t the 
sample from soaking into t^e graphite * 
and helps to reduce memory effects. 
Experience has shown that additional 
^ bums are necessary to clean-up* a new 
pyrolytic tube than a non-pyrolytic tube. 
In addition, some^ elements seem to lose 
precision when analyzed in pyrOlytiLo-^ubes. 
The user Is pautioned to check this for 
himself or seek advice irom the* manti- 
^ ' facturer of their instrument 6tt the use . . 
of pyrolytic Jubes. * 

The llfetim,e or ntxmber of bixms for which 
a tul^ can be used ^ill vary considerably. 
This is dependent, upon the^program used . 
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in the analyses, the'ax£ount of oxygen 
present* in the inert gas used and the 
type of sample being analyaied, A typical 
raxxge of bums p,er tu|pi-wauld vary from 
30 to 300 bef or^ it is replaced. If the 
program used incorporates long atomlza* 
tibn times at high temperatures, the 
tube will have "k short life time. The 
lamount of oxygen as an impurity in the 
inert gas will quickly lower the lifetime. 
As a tube ages» the precision of the 
results from" that tube may also decrease.. 

Inert or .Purge Gas 

Argon and«tiitrogen are the two gases 
used for protection of the graphite tube 
and analyte from rapid oxidation due to 
air oxidation. The choice of which to 
use is determined G^ recommendation 
of the instrument manufacturer. How- ^ 
ever, several thipgs must be kept In 
mind.. 



The purity grade of gas available to the 
user. Argon is usually more readily 

. Available, in an oxygen and paoisture- ' 
free grade than is nitrogen. A gas 
containing even small amounts of oxyge^ 
can decres^e sensitivity and shorten . ^ 
the grap^te tube lifetiz^e^ In addition, 

^-Boilie elements* have shown an increase ^ 
in sensitivity when argon is' used. When 
nitrogen is used at high temperatures, 
molecules of cy^ogen may be* formed 
in the furnace. This may lead to inter- 
ference due to absorpticHl by^the cyanogen - 
in the spectral region in Sse. Conse- . . ' 
quently, either follow the manufacturers 
refconmiendation or try both argon and 

. nitrogen<,when developing a method to 
determine which^ gives best results. 

Depending on the man^iifacturer of* the 
Instrument the purge gas may* Or may 

- not flow tha^ough the interior of the 
graphite tupe.';:U*it^o*S| the flow rate . ' 
during the atomdzatl^jgcqle can be' 
critical. Methods i^toe literature 
recommend lower flow rates during 
the atomization cycle in order to increase 

^the retention ttme'of.the atoms 'in the 
tube. Some instruments allow the* user 
to select this flow rate during programming 



while others requiste manual decrease 
of the flow rates. Some of the methods 
even call for total interrupt of l^as 
dtiring the appropriate time. However, 
it should be remexiibered^that the tube 
lifetime may be shortened when gas 
ihterupt Is used. 

C Ramping 

• The different manufacturers seem to 
pla'ce different levels of importance • 
on the ability of an instrument to be . 
used in a Hamping Mode. Basically, 
y ramping is the ability of an Instrument 
^ to be programmed as to the time taken 
to reach a desired temperature. This 
ability ranges from complete control 
through each step, I. e. , drying, . charing, 
atomizatibn, to no control at all. Other 
possibilities include control in only one 
step and only pre-cho§en levels in . ^ 
certain steps. 

Ramping becomes valuable when an 
analyst wishes ta go from one tempera- 
ture to Another in longer than the least 
time possibly. This is of particular 
interest when an^yzing samples with 
^ V. a complex make-up such as milk or ' 
scimi because it wiU redupe th^ possi- 
bility of spatterii^. Occasionally the 
presence of one metal m8^\:ause inter- 
ference Ln-the-measuremenvof a second 
metal and this may be rectified using . * 
the ramping technique. 

* * The analyst should knoW what is best 
'"for his particular sample or. vary the 
romping time hfiiiself to determine . 
whether it will be of use or not. If 
the analysf believes that "ramping is of 
value, check each manufacturer to . 
ascertain what options are available 

^ * before purchasing a hew Instrument or 
purchase of a retrofit option for an 
existing furnace-spectrophotometer. 
Ramping will not be available for all 
older t^e fifmaces. »^ 

D Programming ^ 

When: a metiiod utilizing the furnace is 
<levised, three steps must be considered. 
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These are a drying cycle, ' charin| cycle 
and an atomization cycle. Since the ulti-* 
-mate end of the sample program is dis- 
sociation and atpmization of the sample, 
the^selvent and all organic matter must , 
be removed, > Depending on the sample 
and the type of instrument, various 
options dxe open to .the analyst. ^ *^ 

1. Dry Cycle » 

^Normal samples connected with' 
environmental waters would include 
industrial-wa^t^s, muxiicipal wastes 

" ajid finished potable waters. Conse- 
quently, the program for the^e sam- 
ples could be complex^ The drying 
cycle, is for just that purpose, tiiat 
is to get rid of the solvent. This 
cycle of the program^would require 
at least a choice of temperatu.re 
and holding time. If the ramping 
option is available, it would be 
necessary to select a time. 

The temperature to be provided ahid 
'-heid^)^tiie furnace is usually slightly 
above theT)oiling point of the solvent,- 
for aq ueous samples <aboutjt20 to 
i25*C; If a raihp is us^^e tem-. 
perature should be brdu^t-^p to 
this temperature slowly so as^^ 
avoid any spattering losses of the^\ 
sample. Boiling should be avoided 
and an audible hissing soimd from^ , 
. the tube will' indicate this is occurring. 

* Drying time, that is how long-the 
temperature, is to be held, by the 
furnace before proceeding depends 
\ipon the volume of sample injected 
into thfe tube. ' A typical time would 
be about 10 to 15 seconds for a 
1 5|i 1 aqueouB sample. Samples ^ • 
containing larger amounts of solids 
may require longer drying times; • 

If the ramping option is available 
for the dry cycle, it can be used * 
to ensure that th^ sample is evapo- 
rated and not boiled away. By 
inser&ig a ramping time of several 
seconds, the temperature is brought 
up to the desired temjjwatare slowly 
enough to assure no lodSNolf san:^ple«, ' 



2, Charring or Ashing Cycle 
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«;This cycle should be chosen to 
attempt to get rid of as much 
of the abSorbance due to the 
matrix of the sample as possible'. 
However,^ tile temperature should 
not be high enough to allow loss ' 
of any of the analyte^Organic 
materials and materials that are 
more easily volatUized than the . 
analyte are^charred, ashed,, or 
volitilized be%re the analyte is 

. measiu^d. In order.to complete ^ 
this cyci6*s program, a tempera- 
ture and "holdi|ig time must be 
chosen and if available, a ramp 
time. , 

, The temperature should be high 
. enough to volatilize as completely 
t as possible any interf erring sample 
matrix. If ^ already existing 
method is used, this tejmperature 
will be included. The analyst ' / 
' should as6ure himself, that this is^ 
his optimum temperature by 'using 
it as a starting temperature and 
varying it while checking to see 
that the absorption peak of the 
analyte standard is not decreased. 

^ IfaNcontinuous chart recorder ' 
trace can be done through the 
entire program, the. pen sho^ild 
'retura to the baseline after charring 
before the atomizaUon cycle begins. 
' . This will inoTcate some what the 
an^oimt of holding time tHat should 
be used. However, it is best to be 
sure that adequate timfct Is being 
used. - " * ^ ' 

I * 

• There are many cases where the 
optimum charring pa^rametera foi* 
elements in complex matrices are 
very diffef ent.frpm parjauneters . 
for the same elements in' aqueous . 
standards.* It^ 10 important that 
the analyst tsonsider both the matrix ' 
. of the solution and the element 
' ^ being analyzed wh^n choosing the , 
charring temperature and holding 
timer \ , 



The use of the^mplng technique 
may be of .significant kdvantage here 

^ In this cycle to assist In separating 
the absorbance .peaks for the matrix 
and analyte; Additional reagents 
^may be added to the graphite tube - 
and a chemical reaction utilized to 
modify the element changing the 

* temperature at which It will volatilize. 
This matrix jacdlflcatlon will be set 
down'in exlSilbg^'method manuals. 
An example of this Is the use of 
nlclfel nitrate, In the determination 
of arsenic, 

•Atonilzatlon Cycle 

' The object of this cycle Is to provide 
sufficient temperature to volatilise 
the element u^ider investigation - 
quickly and completely. The best 
way to optimise this temperature 
Is to plot the alisorbance vs, atoml- 
^zatlon temperature and choose the . 
temperature at which a leveling off 
l3 noted. The analyst should remem- 
ber to use the lowest temperature 
^t which acceptable results caii be 
obtained because the higher the 
temperature used, the shorter the 

. lifetime of the graphite tube. 

The holding time should:.^^feg. 
enpugh to obtain the desired j5^s<Srb- 
ance peak and allow the recorder 
to retum^o. zer% before this cycle • 
Is ended. The use of a strlp^chart 
recorder Is recommended to provide 
. vi9tfa3i proof that this Is occurring,. ^ 
The recorder should have a quick - * . 
response tim^, OiS seconds or less 

' for iull scale deflection in>order to 
follow the fast pesdc shaped response 
of the furnace. The use of lie re-, 

, cordtr ^111 provide for a pem?n^ . 
record of data as well ^ toildentHy 
, any problems with the analj^sls such , 
as drift. Incomplete atomiziatlonr 
losses durliig chairing, jchanges*ln 
sensitivity. Insufficient background 
correction (negatiye peak), etc. 

The other paran^ejker that §boul4 be" 
-ccmsldered during' the atomlzafton 



step. If "available on the instrument, 
is the flow rate of the purge gas. ' 
This might be a set rate or no flow 

, at all. ' The analyst should determine 
' \ 'the other parameters and then make 
runs with standards and determine 
whether sensitivity is increased 

^ * \ sufficiently to warrent its use. 

E. Sample Introduction- 
One additional topic that must^be dealt 
-with is sample introduction into the 
graphite tube. Most manufacturers c 

. provide the saitipleHntroduction port 

. In the form of a small hole in the tube ^ 
midway along the tubes length. The 
sample or standard is "introduce* into 
the tube by use of a micro-pipet with 
disposable tips. -These pipets are • . 
' . available from several manufacturers. 
The technique involved is one which - 
must be practlced in order to deposit 
the sample in the same ares^ ^ the tube 

' each time "as well as deliveidng a *; 
reproducible amount, ' C|tre should be 
taken to continue to ^hold down on the 
pipijts plunger until it is removed from 
the graphite tube to, prevent sucking ^ 
up some of the sample already dispensed 
When using these pipets remejjiber that 
the sample capacity is usually given for 
aqueous solutions; it 'is substantially 

* smaller when organlc§ are used. 

•The reproducibility of data Vrom furnace^ 
^ work Is significantly dependent upon the 
sample dispensing technique^. The sam- 
ple should be added slowly to maintain 
the least account of spreading of the 
liquid along the length of the tube as well 
as placing of^e drop of sample In the 
sdme area each time. ' . 

Depending on the type of graphite tube 
'being usedo spreading Is more of a 
-problem. Several manufacturers use 
threaded 6r grooved tubes to aid In 
retaining the sample droplet In the 
smallest area possible. Aqueous 
saitfples do not wet pyrolytlc graphite 
^and consequently the sample' droplet^/ 
will stand on the surface o? the tube. 
It Is claimed that with non-pyrolytlc 



graphite the sample soaks into the . 

sfensitivity and reproducibility^ 
However, it has been found that ^ 
•non-pyrolytic tubes have given 
adequate resxilts for most analysis* 
Organic solvents wet the standard 
graphite and tend to flow toward the 
ends of tile tube*, resulting in poor 
precision or even Idss .of sample 
if large volumes are .used* 



'J 



Automatic samplers are available 
from equipment manufacturers 
which offer distinct advantages!. 
Since part of the fimction of this 
'equipment is the introduction of 
the sample Into the graphite tube, 
the problem of reproducibility ' 
caused by pipetting technique Is 
lessened* ^ f ^ 

Interferences 

The Interferences connected with 
the furnace are dtfferi^nt than those 
found when using the flame* These 
problems fall under two general 
categories: background effect .and 
matrix- effect* 

IT Backgiwmd effects ; In fUgneless 
atomic absbi^ption, the znajor 
Interference ocQurs when some 
of the light firom the hoUow cathode 
' tube* is absox^bed or scattered by 
molecules or^solid jiarticl^ (non-* 
atomic) in the light path* These 
effects produce, an absorption ^ 
signal which is often very similar 
to the desired atomic absorption 
signal, and if the two absorjptlon f 
peaks occur at the aame time, a 
fc^se measurement can result* 
These molecular or solid particles 
* are pnxiaced from the sample 
mat ^' 



\,The solid particles are generated 
mostly during the ^ashing and charring 
cycles in the form of smo^e or 
vapor* Scattering does not norznally 
create any analytical problems • 



because these, materials are normally 
Tsm^^d irom the graphite tube prior, 
to atomization of the element under 
Investigation* 

^lolecular absorption occurs when salts 
in the sample make-up are vaporized 
as complete molecules* This can occur 
during the atomization cycle when the ' 
vaporization temperatures for the salts 
and the analyte are close to each other. 
This ^sorption usually can be distin- 
guished from the wanted elemental 
absorption because the element can only 
absorb the very narrow spectral liiie 
emitted. by the hoUow cathode lamp< 
Whereas, the background absorption 
Is less specific and extends over a 
broader band of wavelength* 

2, Background Correction,- Background 
absorption may be corrected by 
Insf rum eatal-and-technlque-methods . 
Instrumental method wotild be 
accomplished by difference, I. e. , 
measuring the total absorption and 
subtracting frqm It the non -atomic 
portion.^ This can be done by: 

a. Compensation .using a nearby 
. non-absorbing )7avelength or 
' b, compensation using a hydrogen- 
filled lamp. * 
• 

There are difficulties with the first 
way because of the non-reproducible 
manner In which' background absorption 
signals are produced with furnace 
techniques* 

' Therefore, the second procedure 
Is recozximended. This necessitates 
the -purchase of optional equipment 
for the spectrophotometer.- With 
this procedure simultaneous correction 
can be obtained at the same wave- 
length being used ta measure the 
element* Through alternate ptilslng, ' 
the light emitted by ihe lamps pass 
through the same optical pafh. 
Basically the^element will absorb 
only from the hollow cathode lamp 
made from the element while the 
background absorbs from the hydro- 
gen-filled lamp. Electronic ratiolng 
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of the two beams produce a signal 
* representing only the elemental 
absorption. 

Methods for^ckground correction 
using variations in the program, 

, technique methods, can also 
help to aleviate the problem. Some 
of ttiese are: 

a. Sample dilution or reduqed 
sample size injection 

b. Vary program: i. e. 

. Increase char time and/ or 

temperature. 
' increase purgfe gas flow rate. 

Use of ramping techniques. 

Use-of alternate absorption 

wavelengths. ^ 
r 

The user should consxilt the methods 
manuals of the paanufacturer of his 
instrument for further directions on 
these steps due to variances of 
equipment. 

3. Matrix Effects ; Matrix is used to 
mean everything that is in the sam- 
ple other than the element that is^to 
he determlnedr' A matrix comiponent 
can chemical^ combine with the 
element after it has dissociated 
lowering the ground state atom 
population within the tube. The 
forjooation of less readily dissociated 
molecular species either before or' 
during atomization affects primarily 
the rate of dissociation resultlng^in 
an apparent.iiecrease in sensitivity. 

The^prels^wfee of excess anions or 4 
cations may change the rate of 
dissociation by causing the ^element , 
to form more or less volatile com- 
poimds that volatize before or after 
tiie remaining element thereby 
lowering the absorption peak height. 

When the physical a:iSid chemical 
'characteristics of^e sample and 
standards differ considerably, 
causing a "difference in the rate of 
element volatilization during aton4* 
nation. It is referred to as matrix 



interference. These effects ca^ be ^ 
continued by matching the components 
of sample and standard. Since .this 
is not always possible the method of 
additions should be used. Carbide 
formation, resulting from.the chemical 
exMronment 6t the furnace has been ^ 
observed with certain elements that 
•form carbides at high temperatures. 
When this takes place, the metal will 
be released very slowly from the 
carbide as atonilzation continues 
causing longer atomlzatldn times 
before the signal returns to the 
baseline.-^ This problem Is greatly 
reduced with the use of pyrolytlcaUy 
coated graphite. 

The use of hydrogen gas, mixed with 
the Inert purge gas has been recom- 
mended for increasing analytical 
sensitivity and also for suppressing 
some che^nlcal. interferences. 'Hy- 
drogen acts as a reducing agent and 
aids in mblecular dissociation. 

Matrix Modification; Another tech- 
nique which has been used duccess- 
' fully when none of the furnace para- 
.meters can be adjusted to a degree ^ 
where analytical success, can be 
obtained Is to modify the matrix. 
This can be done in two ways, I. e. 
to modify either the -matrix or the 
analyte. ^'fhese techniques incltide; 

a. Pre-treatment before analysis; 
The use of^cldjdlgestion or dry 
ashing to oxidize organic materials 
of the matrix. ^ Extraction with ^ 
solvents or chelatlon-^xtraetlon 
have also been used to concentrate 
as Well as remove th^ analyte 
from the bulk of the background 
causing materials. 

b. Mo.diflcatlon in the furnace; 
Chemical reac;tions may be carried 
out in the graphite t^ibe itself. The 
object Is to reduce the interference 

•'caused by m^aterial in the sample. 

! This can be done by adding, chepi- 
icals which will reduce the *inter- 
fe'rence caused by the matrix by 
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.a) r^ucing volatility of the 
analyte or b) increasing the 
volatility of the matrix, in 
order to facilitate more 
effective removal of the matrix 
prior to aton:iization. Directions 
on the use of ttte'se modification 
techniques are usua^ a part 
of the methods writeup. The 
' manual for Methods for Chemical 

Analysis of Water and Wastes'* 
* • by the EPA includes such proce- 
duces which can be used. 

5. ContlCrntnatipn; Contamination of 
the saniple 6r standard can be a 
major source of error because of 
the extreme sensitivities achieved 
with the ftumace. The sample 
preparation work area should be 
kept scrupulously clean. All 
glassware should be cleaned by 
washing with detergent, rinsed 
with tap water, rinsed with 1:1 
hydrochloric acid, rinsed with 

tap water and finally with deionized 
distilled water in that order. The 
disposable .^cro pipet tips havef 
been known to be contaminated and 
should be acid soaked with 1:5 
. nitric acid and rinsed thoroughly 
with tap and deionized water. The 
use of research grade tips can 
greatly reduce th^s problem. It is 
important that special attention be 
given to reagent blanks in both 
analysis and the correction of 
jBuaalytical results. Lastly^ pyroly- 
tic graphite, because of production - 
and handling processes, can become 
contaminated. Five to ten high 
temperature bums may be required 
to clean the tube befdre use. ^ 

6. Verification of Interferences! Witii * 
non-»flame techniques the composi-\^ 
tions of the -sample mat]^ can. have 
a major effeciupon the analysis. 
These effects ndust be determined 
'and taken into Consideration in the 
analysis of each type of matrix en<^. . 
countered. ' To help verify the. 
absence of matrix or Bhexnical 
interference,^ use the fqll6wing pro-^ 

.J ^•^ceiar€%et down in the EPA methods 
naanual. \ . \ • 



Withdraw two equally sized aliquote 
C from the sample. To one of the 
aliquots add a known amouQtjDf 
atnalyte and dilute l^oth aliquots to 
some pre -determined volUnle. This 
dilution volume should be b^sed on 
a preliminary analysis of the xmdiluted 
sample.. Preferably, the dilutions » 
/ shoiQ^d be one volume of sample to 
four volumes of dilutant. Keeping 
in mind the optimum concentrations 
range of the analysis. Under no 
circumstances should the dilution 
be less than equal volumes. The 
diluted aliquots should then be 
analyzed and the un'spiked results 
compared to the preliminary deter- 
mination. Agreement of the results 
within + 109. indicates the absences 
of interferences. Comparison of the 
actual signal from the spike to the . 
expected response from,the analyte 
in an aqueous standard should help 
confirm"lEe^'flh^ing"ft^"mrttie 
analysis. Those samples , which 
.indicate the presence of interference 
should be treated in one or more of 
the ways mentioned, they are, • 
dilution, Matrix modification and 
the use of standard additions. 
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PRINCIPLES OF ABSORPTION SPEC'TKOSCOPY^ 



1- INTRODUCTION 

# 

In any system employing principles of 
absorption spectroscopy, there a^e three 
ba'sic components. / 

A SOURCE of Radiant Ehergy 

B MEDIUM (Sample) which absorbs 
Radiant Energy 

C DETECTOR to measure the Radiant 
Energy transmitted by the Sample 



SAi&LM 



[Figure 1. Basic. Components of Absorption 
: Spectroscopy System 



\ 



II RADIANT ENERGY A. ^ 

A Wave Nature 

1 The various forms of radiant 
energy have been arranged in a 
single schematic diagram referred 
to as the electromagnetic spectrum 
(see Figiire^2). All of the energies 
which make up this spectrtmi may 
^ be represented grapiically as 

waves. All waves movethtough 
space (and for most purposes air) 
at a constant velocity, 3 X 10^^ 
cm/'sec. 

5 ' Three variable characteristics of 
individual waves serve to differ- ^ 
entiate each from all other waves 
in the ppectrum. ^ 



a The Wave Length 

X - The linear distance be- 
tween the crests of two 
adjacent waves. (Units: 
^ distance/ wave. ) ' 

b The Frequency ' 

1/ - Th^ number of waves 
which pas s a given point 
in a unit of time. (Unit§: 
waves/time unit. ) 

' . c The Wave Number 

1/ r The number of wayes 
, which occur in a given 
linear distance. (Units: 
waves /distance unit* Y 

2 It is evident that more wdPves of 
short wavelength will "fit" ' into st 
given linear distance than would " 
waves of a greater^ wavelength. 
Thus, waves having short wave- 
lengths will have higher wave 
numbeVs . Mathematically,^ wave 
\ length is the reciprocal of wave 
number, if the same units of linear 
measurement are used in each . 
expression. Since the velocity of 
all waves is equal and constant, it 
is also apparent that a greater 
number of waves of short T^ave- " 
length c^n pass a given point in a 
- imit of time than waves having a 
longer wavelength.^ 

Particle ITature 

Planck Conducted certain experiments 
which indicated that lighthas aparticle 
as well as a wave nature* Energy rays 
can be said to consist of particles with 
a definite amount of energy. These 
particles or packets are referred to 
as photons or quanta. The energy (E) 
of- each minute packet is given by 
Planck's equation. 
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E « hi/ *' ^ (5) ^ 

Where E « Radiant Energy in ergs 

h « Planck's proportionality 
' Constant (6, 6 X 10'27 ^ 
erg sec* ) 

V » Frequency in waves per 
second 



Thus,., it can be seen that the energy of 
a given photon. is directly proportional 
to the frequency^bf the ^ven Radiant 
Energy, 



reeouENCY • 

tycl«s(or wov«s)/s«c. 
W'AVEIENGTH 
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WAVE NUMSER 

^ 1 (or wov«s)/cm. 
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in ABSORPTION OF ENERGY BY ATOMS 
AND MOLECULES 

A Absorption of energies of given fre- 
quencies by atoms and molecules can 
be used as a basis for their qualitative 
identification. Absorption spectro- 
scopy is based on the. principle thift 
certain displacements of electrons or 
atoms within a molecule are per- 
missible according to the quantum 
theory. When radiant energy of the ' 
same energy required to bring about 
this permissible^ change is supplied to 
the molecule, the change occxirs and 
energy is absorbed, » 
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WAVELENGTH 2, 000 4,000 ,8, 000 . 200, 000 (20^) 

X-Rays Ultraviolet Visible Near IR - . Far IR 



Calories per mole 142, 000 
needed for change 
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Inner 
Electron Shift 



0^0 

Ionization 



71, 000 



0-^0 

Outer 
Electron Shift 



35,000 

O- o 

Vibration 



1,400 




Figure 4, Electromagnetic Spectrum Showing Energy Rahges and 
Corresponding Electronic, Vibirational and f^otational Motions 



Displacement of electrons is a per- 
missible change which can occur 
when energy of ultraviolet and 
visible frequencies strikes certain 
atoms and molecules » 

a .Inner electron shift • 

Electrons located in the inner 
orbU of an atom may, when the 
' V proper frequency of radiant 
energy is available, shift to an 
orbit farther remove^ from 
the nucleus. This shift repre- 
sents a cliahge from a lower 
energy to a higher one. If thi*s 
new position is unstable, the 
electron may revert to some 
position nearer the nucleus; 
the energy which was gained 
may then be emitted from the • 
^ atom as part of its emission 
spectrum. The number of 
energy changes possible within 
an atom is a function of the 
number of electrons and the 
number of changes each may 
enter. ' Each possible change ^ 
gives rise to a new spectral 
fipequency. Since the frequency 
of radiation needed to accom- 
plish such chafcges is of ahigh 
order of magnitude, the energy 
used is considerable in quantity. 

Mplecular aggregations often 
disintegrate in such circum- 



stances; thus,-^THese higher 
frequencies are used mainly 
for work with elements or 
very^ stable compounds* 

Ionization t 

Under a specific frequency of 
radiation, ah electron may be 
physically separated from its 
parent atom* This process 
has been termed ionization. A 
change of ener^ level of this 
magnitude r e quir e s ie^" s 
energy than the inner electfron 
shift. Such changes are einar- 
acteristic of those of the rare 
earths, inorganic ions, tran- 
. sition elements a n cL m a n y 
organic compounds under 
frequencies within the ultra - \ 
violet range. ^ 

Outer electron shift 

. The various orbital electrons' 
in hxi atom may vary in the 

' amount of energy required to 
shift them outwardly from the 
nucleus. For example, it re- 
quires less energy tQ shift an 
electron from a position more 
distant than it does to s'hift an-* 
electron outwardly from the 

. inner orbit. Outer election 
shifts occur'readily in colored 
organic molecules for which' 
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electronic transitions are 
made ea^erby the presence 
of chromo^hore groups which 
participate in resonance. 
Thus, the ' excitation of the 
delocalized outer electrons 
(pi electrons) is relatively 
' easy and requires energy in 
the visible range. 

Vibration of atoms within molecules 
is a permissible change which. can 
occur when energy of near infrared 
frequency strikes certain organic 
molecules. _ 

The s^toifis within a molecule are 
held together by attractive bonding 
forces. Atoms within a molecule 
are constantly moving toward and 
away from other atoms, but for 
purposes of theory can be said to 
have a certain "average" position. 

The change in position of an atom 
in relation to another atom is called* 
vibration. The mechanics of vibra- 
tion rjequire energy; the manner 
and rate of vibration of the atoms 
denend upon frequencies of electro- 
magfttetic radiaition which strikes 
them. Therefore, a specific part 
of a molecule may absorb significant 
quantities of certain spectral fre- 
quencies. Such absorption will be 
reflected in the absorption sp'ectrum 
of^the pompoimd. The energy re- 
quirements for t&is type of energy 
change are of a lower order of 
magnitude tha^i'those above; 
therefore, ^e^otild expect that the ^ * 
frequency required wouldbe lower 
and the wave letogth longer. Such • 
changes occur in organic com- 
pounds under infranecl radiation^ 

Rotation of molecules is a permis- 
sible change Which-can occur when 
energy of far itifi^ed frequency 
strikes c^tain organic molecules. 

A molecule rotates aromad its sym- 
metrical center. The manner and 
rate of rotation again depends upqn 
the energy supplied to it. 
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Specific spectral frequencies of 
- eleqtromapietic radiation caA be 
employed to increase the rate of 
rotation. The used radiation is, 
in effect, absorbed and reflected 
in the absorption spectrum. 

Organic tftolecules utilize infra- 
red radiation while varying their 
rate and manner ot rotation. 

The llam^^ Law provicies the 

basis if or quantitative analysis by 
absorption spectroscopy. It is a Com- 
bination of the Bouguer (or Bouguer- 
Lambert) and Beer Laws. 

t 

1 Bouguer (or Bouguer-Lambert) Law 

When a beam of monochromatic 
radiation passes through an ab-"^ 
sorbing medium,^ach infinitesi- 
mally small layer of the riiedium ^ 
'decreases the intensity of the 
beam by a constant fraction. 

Mathematica Uy : 



r 



^dl 



« k db 



(6) 



On integration and converting base 
e to base 10 logarithms. 



log 
-dl 



I 



A = Kb (7) 



db^ 



increment by which in- 
cident monochromatic ^ 
radiation is decreased 
(or absorbed) by the 
medium. 

intensity of the radia- 
tion emerging from the 
absorbing medium. 

proportionality constant 
whose value depends on 
the wave length and the 
nature of the medium; 
i.e«, the solvent used 
if the absorbing medi- 
um is a solution ^ and 
the temperature. 

increment thickness of 
the absorbing medium^. 
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■ radiation entering the medium* 



Txansmittance (T) = 



(U) 



3 
A 



log 

K « 
b « 



I 



A ■ absorbance 

(optical density) 

2*303|c 

length of radiation passing 
tlKiOugh the medium (i* e. , 
the width of the cell, gener- 
ally express in cm. ) 



Beer's Law 

Each molecule of an absorbing, 
medium absorbs the same fraction 
/of radiation Incident upon it regard- 
less of concentration. 



Mathematically: 
k» dc 



-dl 
I 



(8) 



On integration and converting base 
e to ba^e 10 logarithms'. 



log 
k' 

dc 



K« c 



(9) 



a proportionality constant 
whos^ value is governed by 
the same 'factors which de- 
termine the value of k. 

increment concentration of 
the absorbing medium. 

2.303 k' 

concentration of the absorb- 
ing medium (in the case of a 
solution c iS'generally ex- 
pressed in moles/ liter. ) 



Lambert-Beer Law 



log 



.e b c 



(10)^ 



» a constant obtained by com- 
bining K plxis K\ When b is 
expressed in cm^d c in 
moles/liter^ e is c^edthe 
molar absorptivity,- 



^4** **The term transmittance is some-^ 
^^iihes used to\dxpress how much 
i^diation has been absorbed by a 
medium. 



% Transmittance J%T) = = — 100 (12) 

The relationship between absorbance' 
and transmittance* Is given by the ex- 
pressionj ' , 

A log -4; 

,5f ThW application of the Lambert- 
/ Beer Law to^ problem involving 
quantitative analysis is made by 
the use of a calibration curve 
(or graph). See Figtrre-^. 

Several standard solutions 
containing Pcnown concentrations 
of the material under analysis 
are "read" in the spectrophoto- 
meter. Figure 5 is prepared by 
* graphing concentrations vs. 'cor- 
responding absorbance readings. 

/ J4 a straight line Is obtained, the 
material is said to follow Beer^s 
Law in the concentration range 
involved. The absorbance of the 
^sample i^ then "ijead" and the 
corresponding concentration ob- 
' tained from the calibration curve. 



Increasing 
Absorb^hce 


• 


Increasing 
Concentration 

Figure 5. 
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Principles of Absorption Spectroscopy 




Ai^SORPtlON B y SAMPLE / DETECTION OF | 
TYPE DF SAMPLE RADIANT ENERGY; 



sour<:e of- 

RADIANT 
RANGE ENERGY 



, CHEMICAL NATURE 
I OF SAMPLE 



CELL USED 



TRANSMITTED 



! Ultravlolet|lfydrogen Arc 



Inorganic ions and 
'^Organic Molecules 



Quartz Fluorite .iPhotoelectric Cells 

Photographic 
Plates 



1 



Visible 



Incandescent 
Tungsten Bulb 



[Colored Inorganic and 
j Organic Molecules 



Gra^8« 



Eye Photographic 
Plates 

Photoelectric Cells 



; Infrared iNemst Glower Organic Molecules 
j ! Globar Lamp ^ • ^ * . 



Sodium Chloride or 
Potassium Bromid^ 



Thermocouple 
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FLAME PHOTOMETRY 



I PRELIMINARY 

Flame photometry Is the art and science of 
^applying thermal energy (heat) to elements 
in order to^ffect orbital shifts which produce 
measurable charapteristic radiations. The 
color of the emission and the intensity of 
brightness of emission permit both flualit ac- 
tive and quantitative identification. 

The application of a very hot flame (2000^0 
or more)produ^es><citation of the element, 
caused by the raiBm^of an electron to a 
higher energy level anji is followed by the 
loss of a small amount m energy in the form 
of radiant energy as the electron falls back 
into itsoriginalpositionor tqa.lower energy 
leyel. 



.1 



n INSTRUMENTATION 

The six essential p^rts of <a flame photo* 
meter are: pressure regulators and flow 
meters for the fuel gases« atomizer, burner, 
, optical system, photosensitive detector and 
an Instrument f o r indicating or recording 
output of the detec)i6rX These components 
are tfchematlcaiy shown in Figure 1. 

A Atomizer and Burner " 



Numerous variations in atomt^er and 
burner designs have been used. Figure 
2 depicts the integral aspirator* burner 
used in Beckman instruments. The 
sample is introduced through^ the 
innermost concentric tube, a vertical 



YELLOW 



COLLIMATING 




SAMPLE 
ATOMIZER BURNER 



FIGURE 1. SIMPLIFIED DIAGRAM OF A FLAME PHOTOMETER 
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pall^diiun capillary. A concentric 
channel provided oxygen, and its tip is 
constricted to form an orifice. Oxygen 
is passe$i from this orifice causing the 
sample solution to be drawn up to -the 
tip of the inner capillary. There, the 
liquid is sheared off and dispersed into 
dropletsl All droplets are introduced 
directly into flame, with a temple conr 
sumption of 1 - 2 ml^er minute. 

The main requirement of the burner is 
production of a Steady flame when sup- 
plied with fuel and oxygen or air at 
constant pressures. In the Beckxnan 
aspirator-burner, a concentric channel 
provides oxygjentQ operate the atomizer 
and the flame. The additional concen- 
tric channel provides fuel for the flame 

C^tical System, Photosensitive Detector 
and Amplifier ^ 



The optical system must collect the 
light from the steadiest part of the flame, 
render it monpchromaticwith a prism, 
grating or filters, and then focus it on- 
to the photosensitive surface*of the de- 
tector. Us? of filter photometers is least 
desirable due to their limited resolution. 
.Plame spectrophotometers improve 
application as they will separate emis- 
sions in a mixture of metais, s u c h as 
manganese lines at 403. 3 nm and the 
potassium lines at 404.^6 nm Place- 
ment of^ concave mirror behind the , 
flame so that the flame is at the center , 
of tjie curvature increases intensity of 
flame emission by a factor of 2. ' 

Any photosensitive device may be used 
in a flapae photometer^ The detector 
must have a response in the portion of 
the spectnxm to h4 used and have good 
sensitivity. The photomultiplier tube 
is the 4)referred dete,ctor for flame 
spectrophotometers. 

The amplifier increases the signal from 
the phototujDe and improves resolution', 
between close spectral lines-. It also 
p e r m. i t's identification of e 1 e paents 
present in samples when the conpen- 
tration is very small* 




'Fuel 



Oxygen 



Sample 

Figure 2, DETAILED DIAGRAM OF 
® BURNER-ATOMIZER . 



in APPLICATIONS OF FLAME 

PHOTOMETRY TO WATER ANALYSES 

Measuren\ent of sodium and potassium in the 
past has been confined to coniplex, tedious 
and time^onsurhing gravimetric procedures • . 
The flame techniju?>enables the analyst to , 
perform these determinalfons 4n a matter 
of seconds* If these metal^ alone were the 
only elements capable of measurement by 
flame photometry the use of the instrument 
could still be justified in a great many 
laboratories. % 

Other cations which may be detected and 
measured in waters and waste materials 
are ca.lcium, magnesium, litjjium, copper, 
and others. Table 1 includes those elements 
which may be measured with commercially 
available equipment, incli^ding ultra-violet 
and photopiultiplier accessories. 

Table 1 does not include wavebands which 
occur in the infrared spectrum. Sodium, 
for example, has an emission band at 819 nm 
which is not detectable with the common - 
ihstruments. - ' 

Many other metals. Including the rare earths, 
can be measured using the flame technique 
.liut they are not included in tl\b table because 




Table 1 





.Wavelength 


Api 


proximate 

nsitivity 

mg/1 


I 


Wavelength 


Approximate" 
Sensitivity 
mg/1 


Aluminum 


484. 2 




2 


— I 

li^ead / 


. 405^ 


2 




4o7. 2 




3 - 




368; 


2 




396« 2 




4 


\ 


364' 


3 


Barium 


• 

553. 6 




0.3 


. ^ Lithium 


* 670, 8 


* 0. 002 




493 


!0.4 














1 ■ 


.Magnesium 


371, , 


0. 1 


Beryllium 


471 


25 




383 i 


0. 1 r 




510 


100 




285. 2 


0. 2 


Boron • 


54o 


1 


Manganese 


^403 


0. 01 




' ' 521 


2 




279* 


1 ^ 


• 


495 


• ' 3 




561 


2 


• 

Cadmium 


one < 

• o26. 1 


2~ 


Mercury 


235. 7* 


10 




^ ^28,8* 


40^ 














Potassium 


y 766.5 




Calcium 


422. 7 , ' 


• 0.003 




404.6^. 


IT . 




622 




0. 004 




344. 7^ 


3 




554 ^ ^ 




0.01 


• 












Silver 


338. 3^ 


0.05 


Chromium 


425.4 


0. 1 




328. 1 


0. 1 




. 360? 












520 


0. 1 ■ 


Sodium 


589. 3 


0.002 










330.3 . 


1 


Copper 


324^ 


0.01 










327?" 


0.01 


Strontium 


' 460. 7 


0.02 










681 


0.01 


Iron 


, 372 * / 


0.2 




, 407. 8 


0.5 ^ 


.386 / * 


0.2 










373 


0.3 


Zinc 


"^13. 9*' 


500 


I / 








500 


200 * 



T 



7 



Ultra-jriolet spectrum 
Doubtful detection in visible spectrum 
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' ,>^lame Thotpmetry 



the necessity for their measiireme'nt in water 
is a rare occurrence. ^ 



IV INTERFERENCES 

A Spectroscopic Interferences 

9 * 

Energy at o t h e r wave lengths or from 
other elements than those intended to ' 
be measured may reach the detector. 
This problem is related teethe resolution 
of the instrument and slit widths^sed. 

Many of the instnuncnjtal difficulties -are 
related to reproduclbjllity^of the flame. 
The quality auid composition .of the fuel 
affect the constancy and temperature of 
the flame which in turn influences the 
energy of emission. Likewise; slight 
variations in fuel pressures* and ratios, 
affect the reproducibility of -the fljanie 
with reference to shape, temt>erature, 
background, rate of sample consun^ption, 
etc. In some cases, the temperature 
of the flame is" the limiting factor in de- 
^ terminlngthe presence of a metal. (TljB 
alkaline earth metals ertJirradlations 



at "low" temperatures, whereas other 
metals require very "hot**^ flames. ) 

Table 2 iadicates temperatures -obta 
'^le withtlifferentfuel-oxidantmbcfures. 



, , Table 2. 
Approximate Temperatures of 
Fufel-Oxidant Mixtures for.. 
Flame Photometer Use 



Fuel-Oxidant 


- i'- 1 * 
i\pproximate 

Temp. 


Hydrogen - air 


2100 


Hydrogen - *oxygen 


2700" - 28,00 


Acetylene - oxygen 


3100 

* 


Acetylene - air * 


2000 - 22oJ' 


Propane -.oxyjjenv^ 


2700 - 2800 


Illuminating gas - c^gen 


2800 


'Cyanogen - oxygen ♦* 


4900 



Undesirable because of carbon deposits. 
** Used in research problems.- 



Emission reading of spectral lines 
always includes any contribution from 
the flame backgroundVn^ission on which 
* • the line is superimposed. When the 
,f photometer includes a monophromator, 
Ht is possible to read the background 
radiatio'rt in the presence^ of the test 
element. Pirst^ the line '+i^ackground ^ 
intensity is measured in 'the normal 
manner at the peakor crest oftheJband 
system. Next, the wavSlength=mal is • 
rotated slowly until emission readings 
decrease to a minimum at a wave length 
located off >to gne side or ^the'oth^r of 
the emission lUne or band. It is usually • 
preferable to read the background at a 
lower wave les^gth thaji the peak. Back- 
. . ground reading. is subtracted. from the 
line* + background, reading. ' ' , 

Products of combustion may affect the 
, characteristics of the flame or may , 
affect the optical system by fogging or 
coating of lenses and mirrors. ^ 

B Fabtors Related to the Cpmposition . 
of the Sample 

. An elemenl>^ay.be self -absorb ing 
"a phenomenon in which thef energy of 
excitation is hot proportional to the con- ^ 
centrationof the element. As previously * 

^ discussed, exlctation is followed by • 
loss of energy ijrtBSTiorn^^.ijadiation-^s^ 
as the'elgfitr^Gj^falls back to usoHkixial 
-^^-'"^"poSHori or to a lower energy le 

Durihgpassage of radiant ienergy^hrough 

' the o\iter fringes.jpf'the flame, this 
energy is subject to absorption through' 
t ' coUiision jy^ith atoms ol its own ^ind 
^ • present in the grpunti energy level. ^ 
Absorption of radiant energy weakens 
the strength of the spectrum line. Using- 
the. emission line at' 589 nm for sbdiungi,. 
Figure 3 indic^teis that the line ceases' 
to be linear at 1-B mg/1. AS the iodiuin 
conceiitication in c r e a.g^e s, the self- - 

« absorption effe cts become more 

^ ^pronounced. "Sample dilutiori to permit 
readin^on linear portion of the curve 
is often practiced. 

Two or mor^ elements preaent*in the 
sampl^^^may produce radiant energy at 



Flame Photometry 



the same, or near the same wavelength. 
For instance; calcium at 423 nm and 
chromium at 425 nm could*lnt e rf e r e 
with each other .by additive, effect. The 
correction may be to-dilute out^the un- 
wanted metal or measure one of the 
emissions at a differeirt wavelength. 

The emission energy of one element may 
be enhanced or depressed by energies 
from other elements.* This phenomenon 
(radiation interference) occurs when oi^e^. 
elen^ent causes another to modify its ac- 
tual emission intensity in either a neg- 
ative or positive msuaner. Correction" 
is obtained by dilution or by controlled 
interference addition. , 

I 

Other types of difficulties encoimtered* 
are too numeroijs to'iKst here. In gen- 
eral, thcymay be overcome by improved 
instruments (high resolution, narrower 
slit openingsy optics, -flame adjustment) 
or possibly by special techniques* . 

Some inexpensive instruments, designed 
for limited us.e, may employ illuminating 
gas with air or propane with air as a 
matter of economy or convenience. 



STAITOARD CURVE FOR SODIUM, v 




10 

mg Sodium/ 1 
' Figure 3 



V TECHNIQUES 

The following techniques are intended to 
serve as examples of current procedures 
in use for routine samples and for special 
samples where corrective procedures are 
indicated. 

A Emission Intensity vs. Concentration 

This is the classical procedure in flame 
photometry. Solutions (standards) 
containing known concentrations of test 
elemehtsare compared with an vmknown 
sample. ,This technique is applicable 
only when no .interference is present. 

B Radiation Buffers ^ 

For measurements of alkaline earth 
metals (sodium, potassium, calcium, 
magnesium) radiatibn buffers are pre- 
pared as solutions saturated with 
regard to each metal, respectively-. Py 
potassium buffer, for example, is pre-- 
pared by saturating distilled water with 
soditfm, calcium, an^ magnesium 
chloride. A calcium buffer in turh ife 
saturated with sodium, potassium and 
magnesium chloride. i 
. • t * 

C Preparation of Radiation Buffers 

. For a sodium mea su r eme nt , the buf f e r 
solution is added equaljy to simples 
and standards so that the interferences 

'are alike for alL-readings^ thereby 
cancelling each other (see Table 3). 

D ' Instrument Improvement 

Potassium. emits ei^prgy bands at 766, 
405, and 345 nm . The bands are at 
opposite ends of the spectruni and the 
405 and 345 bands are not usable in the 
visible spectrum. The 766 line also 
loses sensitivity because of its prox- 
imity to the infrared region. Use of a 
.red sensitive phototube or photomulti- 
plier, however, .permits measurement 
with an ordinary instrument at concen- 
trations -as low as 0.1 mg/l, or less. 
This approach is applicable to .other 
elements also. 
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E Standard Addition 

• Equal volumes of the sample are added 
to a series of standard solutions con- 
taining different known quantities of 
test element; all diltrfed to the same 
volume (see Table 4)^ Emission in- 

' tensities ofthe resulting solutions are 
then determined at the wavelength of 
mlbcimum emission and at a suitable 
point on the flame background. After 
subtracting the background emission^ 
the resulting net emissions are plotted 
linearly against the concentration of 
the increments of the standard solutft)ns 
that were mixed with the unknown. The 
percent transmission of the mixture 
contafeing imknown^ sample and zero 
standard (distilled water) i s doubled 
smd the concentration corresponding 
to this point on the graph will be the 
concentration of the up^iiluted imknown 
sample. This can be"^ explained alge- 
braiciilly in conjunction with Figure 4. 



F Infernal-Standard Method 

***** 

The method consists of adding to eax^h 
sample and standard afixedqtiantity of 
* internal standard element. The element 
must begone not §ilready present in the 
sample. Lithium is usually the inter- 
nal standard used. This method is most 
convenient wheii using instruments 
having dual detectors. The emission 
intensities of standard:| and samples 
are read simultaneously or*" success- 
ively depending upon instrumentation, 

G -Separation of Interferences 

In cases where certain element^inter* 
fere, they maybe physically removed, 
or the interference may be **blocked 
out" by reading the emission at different 
wavelengths. To measure lithium, f6r 
example, calcium, barium^ and 
strontium are precipitated as carbon- 
ates of the rf\etals. The lithium is 
retained in the filtrate' and measured 
at a wavelength of 671 nm. 





NaCl 


^ KCl 


CaCl2 


, MgCl2 


Sodium Buffer 


> 




+ 


+ 


Potassium Buffer ^ 






+ 


+ 


Calcium Buffer 


+ 


+ 




+ 


Magnesium Buffer . 


+ 


+ 


+ 




Table 3 



Cone, of standards 

^ ' ■■ . ■ 


.|T 0.0 mg/l 


5.0 mg/l 


^ 10.0 mg/l 


Volume of* standard . 
added to sample 


Id 10.0 ml 


10.0 ml 


10;0 ml 


Volimxe of sample used 


10.0 ml 


ID. 0 ml 


lO. O ml" 


Concentration of element 
in each portion of mixture 


1 + 0 mg/l 


|^+ 2.5 mg/l 


1^- 5 mg/l 


^ Table 4 ' ^ 
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(f*-2.5) (|i;3,5) - (|f-5) 



Concent ration -mg /i' 



Let X concentration of element in 
unknown sample. 



. \ 2Y = -J + 3. 5 (from the example in 
Figure 4) 



Then Y = % transmission of an equal 

mixture of unknown sample • 
and zero standard, or 

y ss ± + ^ Which simplifies to 2Y = x 



by'Substitution, x = •5-+ 3.5 



Figure 4 



X = 7 mg/l 
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■ FLAMELESS MERCURY FOR ANALYTICAL METHODS FOR TRACE METALS 

DETERMINATION OF' MERCURY 



a INTRODUCTION 

^ There, are many forms of mercury, some 
more toxic to humans than others. Although 
metallic mercury and its inorganic, alkoxyalkyl, 
and aryl compounds can have detrimental 
effects on man and other animals, it has 
become clear that methylmercury poses a 
palrticularly serious problem. It appears 
that mercury enters the food chain as. methyl 
mercury after conversion by microorganisms 
in the silt of waterways. 

Sources of mercury in industrial and agricul- . 
tural countries fall into the following categories:. 
1) chlor-»alkali plants, 2) industrial processes 
inxolving the use of mercurial catalysts, 
3) slimicides* used primarily in the paper • 
pulp industry, 4) seed treatment*, 5) burning 
^ of fossil fuels, ^) natural "occurence from 
geological formations, and 7) miscelltoeous 
sources. ? 

Early in 1970 fish in Lake St. Clair above 
Detroit were shown to contain hazardous levels 
of methyl mercury#,^However, even before this 
other countries such as Japan were having 
serious problems with mercury poisoning. 
'^Minamata Disease" or methyl mercury . 
poisoning due to ingestion of contaminated 
fish occurred in a village near; the Minamata 
Bay, Japazi, from 1953 throjagh the 1960*s, and 
affected at least 121 children and acfults. 
Consequently, the finding of high levels of 
method mercury in Lake St. Clair caused the 
United States and Canada to ban fishing in 
the lake. " , * 

A study was carried out by the Office of Water 
' Supply during 1971 analysdng 698 samples of 
raw and finished waters collected from 273 
'copmdunities. Of these 273 commxmities, 
261 showed no detecpl>le quantities or 
concentration of less tiian 0. OOl ppm.^ In 
eleven of the conmiunities the mercury 
concentration ranged from 0. 0010 to 
0.004dppm. V 



Af ter-the discovery of mercury^^ntainination 
in fish, the importance of the^merctiry content 
of waters can be seen by the decreasing allowable 
Umits. The 1962 edition of the Public Health 
Service Drinking Water Standards did not list 
a liniit for mercury. However, in 1970 a 
tentative standard of 0. 005 mg/1 limit wa^ 
proposed. Recently, March 1975, the interim 
Primary Drinloi^g Water Standards proposed 
a limit of 0.002 mg/1. 



U . METHODS 

A Dithizone 

Until about 1964 the method of choice for 
, analysis of mercury was the dithizone 

method. This method utilized a colorimetric 
deter ifiination of the dithizone complex with ^ 
X mercury* The method has been characterized 
as relatively insensitive and reqmring 
excessive amounts of sample when Jevels of 
. mercury are low. The analyst must have 
experience in order to obtain meaningful 
results due to the possibility of loss of 
volatile forms of mercury during a hot acid 
digestion procedure. The method covered 
the range of 0.005 mg/1 to . 035 -mg/1. 

B Emission Spectroscopy 

t 

The emission spectrophptometric determination 
of mercury was also carried out. However, 
the cost of the instrument made thia method 
considerably more expensive than the 
dithizone method. The detection limit fell 
in the range of about 5 mg/1 so no increase 
in sensitivity^ could be obtained. 

C ' Atomic Absorption 

The detection limit by direct aspiration of 
a sample into the instrument was claimed to 
be 0.5 mg/1. However, in actUal practice 
the limit was closer to 5. 0 pig/U A 
concentration step before aspiration b^ 



chelation with amirionlum pyrrolidine* 
dithiocarbamate and extraction With 
methjiisobutyl ketone, reduced the ^ 
detection limit to about 0,2 mg/l\ Addi- 
tional sensitivity was claimed by using, 
the sample .boat which evaporated one 
milliliter of sample in*a boat ^ke device 
followed by ignition of boat in the fltote. 
This helped reduce the cJetect^on limit to 
around 0. 02 mg/f but here again in actual 
practice the sensitivity wais probably less. 

D Gas Chromatography . " ^ 

A Swedish method utilized an electron 
capture detector to detect materials "^t a 
sensitivity approaching 0, 001 mg/1 in 
favorable cases* This procedure was good 
for the organic forms of mercury contami- 
nation such as' methyl ijiercury, ^yl 
mercury and methoxy -ethyl -mercury, and 
phenyl mercury. Dimethyl^merciiry and ^ 
the inorganic form's of mercury gave no 
response in this procedure. \ . ^ 

E Flameless Atomic Abgorptioir 

It had long been known that the metallic , 
mercury vapor absorbed energy sit 2537 A* , 
However, it was not until 1988 that a 
"method was practical. This method converts 
all forms of mercury present in^the sample 
to the metallic fonn*. Therefore, the 
results in this method are only for total 
mercuiy since there is no differentiation. 
The detection limit for mercury was 
lowered to a point tiiat made adoption 
of low standards analytically pi^acticable. 
The detection limit for mercury by the 
flameless method was reduced to 
0,0002 mg/1. 

This procedure has become the standard 

analytical procedure for the analysis of 
\ mercury. Both the National Pollution 
j Discharge Elimination System's analytical 

methods and the methods recommended 
* to meet the Primary Drinking Water 

Standards recommend the flameless atomic 
" absorption technique. , * 



, m FLAMELESS METHOD 

*A jShemistry 

The procedure covered here is the procedure 
recommended in the Environmental Protection 
Agency^s manual of "Methods for Chemical 
Analysis of Water and Wastes. The method 
is applicable to drinking, surface, and 
saline waters, domestic and indiifitrial 
wastes. - ' 

In addition to inorganic forms of mercury, 
organic mercurials may also be present in 
a sample. These organo-mercury compounds 
will not respond to the falraeless atomic 
absorption technique unless they are first 
broken down and converted to mercuric ions. 
Potassium permanganate oxidizes many of 
these Gompotmds, . but r^ent studio have 
shown that a number of organic mercury ^ 
compounds, including phenyl mercuric 
acetate and methyl mercuric chloride, ^e 
only partially oxidized by this reagent. 
Potassium per sulfate has been found to give 
' approximately 100% recovery when used as 
the oxidant with these* compounds. Therefore> 
a persulfate oxidation step following the 
sCddition of the potassium permanganate has 
been included to insure that organo-mercury 
compounds, if present, will be oxidized to 
the mercuric ion before measurement. A 
heat step is required for-methyl mercuric 
chloride when present in or spiked to a 
natural system. The range of the method, 
may be varied through instrument and/or 
recorder expansion. Using a 100 ml sample, 
a detection limit of (ST2 ^ g Hg/1 can be 
achieved; fconcentrations beloy this level 
should be reported 'as < 0, 2* 

Possible interference from sulfide is 
eliminated by the addition of potassium 

/permanganate. Concentration's as high as 
20^mg/l of sulfidfe as sodium sulfide do not 
interfere with the recovery of added inorganic 
mercury from distilled water. Copper has 
also been reported to interfere; however, , 
capper concentrations as high as 10 mg/1 
had no effect on recovery df-merc'ury from 
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Spiked samples. Sea w^aters* brines and 
' industrial effluents high in chlorides require 
additional permanganate (as much as 
25 ml). During the ooddation step chlorides 
are converted to free chlorine which will 
also absiorb energy at 253 nm. Care must 
be taken to assure that the free chlorine 
is absent before the mercury is reduced 
and swept into the cell. This may be 
accomplished by using an excess of the 
hydroxylairiine sulfate reagent^25 ml), ^ 
In addition, the dead air space in the 
aeration bottle must be purged before the 
addition of stannous sulfate. Both inorganic . 
and organic mercury spikes have been 
quantitatively recovered from sea water 
using this technique. ' 

Interference from certain volatile organic 
" materials wMch will absorb at this' wave- 
length (253 nm) is also possible. A 
preliminary run without reagents should 
determine if this type of interfei^ence is 
present,*. If sua interference is found to be 
*. present; the sample should be analyzed 
both by using the regular^procedure and 
again under oxidizing conditions only, 
that is, without the reducing rpagents. 
The true mercury value can then be 
obtained by subtracting the two values. 

The chemical procedure involves obtaining 
a sample of at least 100 ml, Until more 
conclusive data ace obtained, preservation 
of samples can be accomplished by 
acidification with nitric acid to a pH of 2 ^ 
or lower immediately at the time of 
i^cpllection. The 100 ml sample is placed 
in a 300 ml BOD bottte. Add 5 ml of 
concentrated sulfuric acid and 2, 5 ml of 
concentrated nitric acid, mixing after -each 
addition. Add 15 ml of potassium 
permanganate solution (5% solution) to 
each bottle. For sewage samples additional 
potassium permanganate may be required. 
3b^e and add additioim. amounts of potassium 
permanganate, ifjiecessat^, until the 
purple color exists for at least 15 minutes. 
Add 8 ml of potassium persulfate (5% 
solution) to each bottle and heat for two, ' 
hours in a water bath at 95'^C. Cool and 
add 6 ml of sodium chloride-hydroxylaznine 
'Sulfate (12 grams of each diluted to 100 ml) 
to reduce the excess potassium permanganate. 
Allow to* stand at least 30 seconds. ^ ^ 

bJ 



Up to this point all samples and standards 
being run can be treated in a group. However, 
the final step should be done just before the 
BOD bottle containing the solution is attached 
to the instrument. This is to reduce the 
possibility of loss of any mercury vapor. 
The final step in the procedure is to add 
5 ml of staimous sulfate (25 g diluted to 250 ml 
with 0, 5 N sulfuric acid). After the BOD ^ 
bottle has been attached the sample is 
allowed to stand quietly without manual 
agitation. The circulating pump is allowed 
to run continuously. The absorbance will 
increase and reach maximum within one 
minute. As soon as the indicating device , 
(meter or recorder) levels off the reading 
is taken and the mercury vapor trapped, 

B Aeration Gas Flow Path 

Once the mercury is reduced to metallic 
^^^Inercury by the stannous sut£g.te, the metallic 
yapor begins to escape from tiie solution. 
In order .to quantitatively drive off all the 
vapor a pump is used to push air into the 
solution through an aeration device such as 
a glass frit of coarse porosity. The air 
acts as a carrier gas for the vapor. An 
aeration device may be constructed as 
shown in Figure 1, 

Any peristaltic pimip capable pf delivering 
one liter of air per minute may be used. 
The pump should be checked occasionally 
via a-rotometer to assure that sufficient 
flow is being provided, * 

The flow path of the procedure can be set ^ 
up in two ways, in an open mode and a closed 
mode. The closed mode recirculates the 
mercury vapor .through ^%e entire flow path, 
including the, absorption cell, until a manual 
valve shunts the vapors to a trap. The open 
mode allows the vapors to pass only one 
time through tn|e absorption tube and from 
there it goes to a trap* 

There are several pieces of equipment 
involved in the flow path that are common 
to both modes. The aeration bottle has been 
mentioned before, ne:ft in line should come 
a 'desiccant (of magnesiimi perchlorate) to 
adsorb water vapors in order to prevent 
these from condensing in the absorption 
tube. If a conventional atomic absorption 
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spectrophotome ter is bei ng used, the 
desiccant can be^replacecTwith a small 
60 watt lamp* This is positioned to shine 
oil the tube itself to raise the temperature, 
inside the tube thus preventing condensation. 
Next in the flow path after the desiccant 
would come the absorption cell, or 
iastiniment* 

In the open jtnode a trap for the mercury 
yapoi's would follow the absorption tube* 
Jn the closed mode a valve would follow* 
The position of each of these pieces can 
be seen in Figure 2* , 

The absorption tube or cell can be a^ 
standard spectrophotometer cell that is 
10 cm long and having quartz end windows* 
Stdtable cells may be constructed from 
plexiglass tubing 1 inch outside diameter 
and 4j inches long* The ends are ground 
perpendicular to the longitudinal axis and 
, quartz windows 1 inch in diameter and 
one sixteenth of an inch thick are cemented 
in place* Gas inlet and outlet pox*ts (also 
of plexiglass but i Inch outside diameter) 
are attached approximately \ inch from 
each end* 



C Instrumentation, 

Any atoniic absorption spectrophotometer ' 
having an open sample presentation area 
in which the absorption tube can be mounted 
is suitable* The absorption tube is strapped 
to a burner for- support^andraligned-in the 
beam by use of two 2x2 cards. One inch 
diametei* holes are cut in the center of each 
card; the cards are placed over ea,ch end 
of the cell* The cell is th'en positioned 
and adjusted vertically and horizontally to 
give the ^maximum transmittance. « 

There are available on the market instruments 
designed specifiicaliy for the determination 
of mercury by the flameltess atojnic absorption 
method** Usually they are complete and 
contain the absorption tube and pump inside ' 
the iQStinmient* The. main adv^tage of 
these iQStrunients is that they are considerably 
cheaper than an atomic absorption instrument. 
However, their chief disadvantage lies in 
the fact that they can^>be used only for • 
mercury while ah atomic absorption 
instrument 'with some additional equipment 
(lamps) can be used for about 40 metals* . 
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Th^re is also available an automated memod 
which utilized tb^ Technicon Auto Analyzed 
This method is described in ^ 
EPA Methods Manual* The method is 
applicable to' surface waters and may be 
applicable to saline water, wastewater 
effluents and domestic sewage providing 
potential interferences are not presenti 

Regardless of what instrximent is used", 
its calibration should be checked originally 
..upon receipt and standards run each time > 
samples are to be mm in order to verify the 
calibration. The standards are treated 
m the same method except that if no 
organic mercury is used as the standard, 
,the heating step can be omitted. 



REFERENCES , ' 

1 Methods for Chemical Analysis of Water ^ 

' and Wastes* USEPA, Office of 
Technology Transfer, Washington, DC 
20460. ^ia74. X _ 

2 Hat<;Ji. W. R. and Ott, W. L* Analytic^ 

Chemistry, 40, 2085. December 1968* 

3 Westoo, G. Acta Chem. Scand. ^2S, 

2277-2280. 1968. 



-vfV, '-SUMMARY , , . 

4he deternaination of the mercury content 
^ of waters has become a necessary analysis , 
- fo/ the health of the consuming public. The - 
" method of choice has become the flameless 
atomic absorption, procedure^. Besides being 
simple to perform it is sensitive enough to 
determine the. limit set for the permissible 
content of mercury in water. ^ 

The method can be carried out on any atomic 
absorption instrument that has enough physical 
space in its burner compartment ih which to 
install the absorption celL However, there 
are-^available on the market, instruments 
designed specifically to determine mercury 
via the flameless method. These instruments 
are -generally considerably less expensive 
^ than a» conventional atomic absorption 
* spectrophotometer but have the drawback 
,;ot'be£ag able to be.usedjfor only that 
determination. 



This outline was prepared by J. D. Pfaff, 
National Training Center, MOTD, OWPO, 
USEPA, Cincinnati, Ohio 45268. 



Descriptors: Heavy Metals* Mercury, Water 
Pollution, Chemical^nalysis, Metals, 
Spectroscopy, Spectrophotometers 
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DETERMINATION 0^ LEAD 



I INTRCX>UCTI0N 

Lead (Pb) is a serious ^cumulative body poison; 
it is well'known for its' toxicity in both acute 
and chronic exposures. * In technologically . _ 
developed countries tlje widespread use of lead* 
multiplies the risk of expdsure of the population 
to excessive levels. For this reason* constant 
surveillance of the lead exjjosure of. the general ' 
-popxilatlon via food, air and watVr is necessary. 

\ if 

The presence 4>f lead in water may arise from 
industrial, intoe and smelter discharges, or 
from the dissolution of old lead plumbing. 
Tap waters which are soft, acfd, and not 
suitably trelated may contain lead resulting 
from an attack on the lead service pipes. 
Lake and river waters of the United States 
usually contain less than 0.05 mg/1 of lead, ^ 
although concentrations in excess of tljis ^ 
have been reported. Young children present 
a special cajs^^in lead^intoxication both in 
terms of .tolerated intake and the severiV of 
the symptoms. The most. prevalent, source « 
of lead poison&g of children up to three years 
of *age has been^lead-contaijoing paint stlU 
found in son^e'blder homes. 

Because of the toxicity of lead to humane and 
because there is little information on the 
effectiveness of treatment processes in ^ 
decreasing lead concentrations, it has been 
recommended that 0. 05 mg/1 of lead not be 
exceeded in public water-supply sources.. 
This number then would tend to set the limit 
for any analytical method which inigHt be 
under consideration for use in analyzing for 
lead. - . ■> \ 



n METHODS. ' , 

'i The methods used to analyze for lead are, . 

^in general, the same as ftose of any other 
heavy metal... However, there^is no method 
for lead. similar to the*fla27xeless method for 
mercury. The metiiod recommended by the 
USEPA Methods manual is an atomic absorption 
, method utilizing a concentration of the lejad 
content by a chelatlng-extraction procedure. 



Other methods are available for those who 
are not bound to use the USEPA method. 

A Dithizone 

This method has been used for many years 
for the determination of many of the heavy 
metals including lead. Dithizone dissolved 
^ in carbon tetrachloride will extra'fet lead 
ttom a slightly basic (8. 5 - 9. 0) solution. 
The lead and dithizone form a metal complex, 
lead dithizonate, which is soluable in carbon 
tetrachloride, ^with the formation of a red 
color. Measurement of the amount of red 
color formed yields an estimation of the 
lead present. , . . 

• 

The method has sufficient sensitivity to 
meet the niaxim^m contaminant level 
of 0.05 mg/1. Standard Methods gives 
the approximate minintum detection 
limit in water as 2 pg of Pb. The main ^ 
drawtjjack of the method is in the many ^ ^* 
operations the analyst inust perform. 
The {precision and accuracy of the method 
. can suffer greatly due to the analyst's ^ 
handling of the various operations. 
Analysts with long experience withythe 
methdS have been able to ppodoCSacceptable 
results. 

The procedure for the dithizone method for 

normal drinking waters, low in organic 

matter and tin, is brief and axiequate. ^ 

However, for" industrial wastes and waters 

containing high organic concentrations a 

^pretreatment step must be added. TMs 

. additional step is a digestion procedure, 

either with a mixture of nitric and sulfuric 

acids or, when the organic matter is difficult/ 

to oxidize, with nitric and perchloric acids. 

This procedure can introduce even more - 

error in loss of the metals during heating to 

dryness and is even^hazardous if not. followed 

' closely. 
« 

f 

B ^ Other Inst^mental l^hods 

There are other instrumental methods 
available eyen when atoniic absorption is 
excluded. These methods would include . 
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polarography, emission spectroscopy, 
^ neutron activation and x-ray fluorescence. 
Each its own strong and weak points. 
Most are expensive to the point of exclusion 
in most laboratoi^ies but can be -used to 
'determine the concentration of lead' in a 
sample. 

C Atomic Absorption * 

Most metals, including lead, may be readily 
_ ^determined by atomic. absorption spectroscopy. 
The method is usually-simple, rapid and 
applicable to a large riiimber of' metals in ^ 
drinking, surface and saline waters, and 
domestic and industrial wastes. While 
drinking waters may be analyzed directly, 
domestic and industrial wastes require 
processing to solubilize suspended material. 
' . Sludges-and sediments and other solid type 

samples may also be analyzed after proper ' 
pretreatment. ^ * 

Detection limits, sensitivity and optimum 
ranges of the metals wiil vary with the 
various makes and models of satisfactory 
atomic absorption spectrophotometers. 
The (data shown in Table 1, however, 
provide some indication of , the actual 
concentration ranges measurable with 
-conventional atomization. In the majority 
of instances th6 (concentration range showih^ 
in the table may be extended much lower 
with scale e:rfpans,ion and conversely extended 
upwards by using a le*ss sensitive wavelength 
or by rotating the burner 90 degrees. 
Detection limits may also be extended 
through concentration of the sample, through 
solvent extraction techniques and/ or the 
use of ''the so called furnace techniques. 

^The latter includes the heated graphite 
atomizer, the carbon rod and the tantalum 
strip ^cesser ies. When using fiumace 

Jechiiiques, hpwev^r, the analyst should be 
^ cautioned as^to possible chemical reactions, 
occiirring at elevated temperatures which 
may result in either suppression or enhance- 
^ ment of the analysis element. Methods of 

standard additiorfHre mandatory with these , 
furnace techniques to insure ♦a^id data. 

• For I'evels of lead below 200 /i g/1, an 
extraction procedure is recommen^d. ; 
This extraction procedure ip* carried out ^ 

ERJCii.2- 



' at a pH of 2. 8 which is the optimum pH 
for the extraction of lead. However, if 
many of the metals are to be analyzed in 
the same sample, either larger sample 
volumes must be extracted or individual, 
extractions made tor each metal being , 
determined. 

m EXTRACTION. j?roc5:dure 

Extraction procedure with pyrrolidine 
dithiocarbamic acid (PDCA) in chloroform. 




B 



Transfer 200 ml of sample into a 250 ml 
separatory fimnel, add 2 drops bromphenol 
blue indicator solution and mix. 



3U^i 



Prepare a blazik and suuicient standards in 
the same maimer *and adjust the volume of 
each to approximately 20*0 ml with deionize. 
distilled water. All of the metals to be 
determined may be combined into single " 
solutions at the approprisite concentration 
levels. 



Adjust the pH lay addition of 2N NH4OH 
solu^on until a blue color persists. Add 
HCl dropwise imtil the blue color ^ust 
disappears; then add 2.0 ml HCl in excess. 
The pH at this point should be 2. 3. (The 
pH adjustment may be made with a pH 
meter instead of using iadicator. ) 



D Add 5 ml 'Of PDCA-chloroform reagent 
and shake vigorously for 2 minutes. 
Allow the phases to separate 'and drain the * 
chloroform layfer into a 100 ml beaker. 

E Add a second portion of 5 ml PDCA-chloroform 
reagent and shake vigorously forv 
2 minutes. Allow the phases to separate and 
combine the chloroform phase with that 
obtained in step (D).^ 

F Determine the pH of the aqueous phase and 
adjust to 4.5. ^ ^ 

G Repeat step (dJ again' combining the solvent - 
extracts. ^ 

H Adjust the pH to 5.5 and extract a. fourth 
time. Combing all extracts and evaporate^ 
to dxTness on a steam bath. 
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TABLE 1 

Atomic Absorption Concentratioii Ranges*" 

Direct Aspiration -n;;, . Furnace Procedure***** 



Opitmum - • Optimum 



y 





Detection 




Concentration' 


J Detection 


Concentration 




Limit 


Sensitivity 




Range y 


Limit 


Range 




' Metal' 


mg/l . * 






m|/1 . 


ug/1 


Ug/1 




Aiummum 


0.1 


1 


5 


50 


, 3 


^2o 


200 


Antimony 


02 


0.5 


1 


40 


3^ 


' 20 - 


' 300 




0.002 ' 


- 


aoo2 


- ' 0.02 




5 


100 


Banum(p) 
Beryllium 


01 


0.4 


1 


- ' 20 . 


2 


10 


200 


OOOS 


0025 .^^ 


0.05 


2 


0.2 


,1 - 


30 


Cadmium 


0.005 


ao25 


<^ 0.05 


2 


0.1 


0.5 A . 


10 


Calcium 


0.01 


0.08 


p.2 


- \ 7 






' - 


Chromium ' 


0.05 


a25 


a5 


10 


• 'l 


5 


100 


Cobalt 


ao5 


a2 


a5 


5 


I 


5 


100 


G)ppef 


ao2 


0.1 




5 


1 


5 


100c 


Gold 


0.1 


0.25 


lr5 


20 


1 


5 


100 


Indium(p) 


3 


' 8 . 


20 


- 500 


30 


100 


1500 


Iron 


0.03 ^ 


0.12 


0.3 


- 5 




5 




Lead 


01 


05 


1 


20 


1 


5 


;^ 


Maincsium 


0001 ' 


0007 


ao2 


- ^ 0.5 








Manganese 
Menrury*'* ^ 
MolybdcnumCpr 


001 
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01 


3 


0.2 


1 


30- 


0.0002 




00002 


0.01 


• 
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04 . 


1 


40 


1 


3 1 


60 
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>004 
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-T 5 
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20 


50 
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5 


20 
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2 
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20 
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1 - 
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5 




50 ' 


- 1000 % 
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Rhodium(p) 
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\ 


30 


5 


20 ♦ - 
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Ruthenium * ' 


02 


0.5 ^ 






20 
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5 


100 
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» 0 2 •* 




25 


^ Sodium 
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20 


1 ' - -r- 
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A 
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2 
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-* /loo 
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(1) Hie dmccjIjtrBnc^^HoiiMQm npt contnved values and Should be obUinable with an^ satisfactory atomic absorption 

». spectrophotbmper. ^1 ^ , ' 

(I) Ga.%eou.% hydride method?! ^ " ^ " 

(3) CjJfc^vapor technique^ 

(4) ^y-fiAiiacesensiti^'ty^uescoavili instrument operating manual. / 

(5) , . Th^ It^ed funi|i^\alues are thoAe mpected when uung a 20 u\ injection and Ytormal gas flow exc^t in the case of arsenic and 
, sekntumKbet pSime^fM isused']^symbo(jp)iftdica(ellhei&cfpyrolytKgraphite with the furnace procedure. 



Hold the beaker at a 4& degree angle, and * 
3lowly add 2 ml of cone, distilled ni$z4c 
acid* rotating the beaker to effect thorough 
contact of the acid with the^esidue. 




Place the beaker on a lo<»' temperature s 
hotplate and evaporate just to diTness, 

K Add 2 ml of nitric acid (Itl) to the beaker 
ax^d hearfor I minute. Cool, guantitattvely 
transfer the solution to a 10 ml voluftfemc 
flask and bring to volume with distilled 
^ 'water • The sample is now ready for 
analysis, ^ ^ ^ 

L A second acceptable .extraction procedi^e, 
the APDC-MIBK method, may be us^ 
for lead. Thia pp Q o a dugo oaa b e f Wuiid 
In the lahoratnn' rrnrniin^* 
deieiiiiliiallciu ul lead In this mau cta^ 



IV SUMMARY' ' . ^ 

The method of choice for the determination of 
- .lead is the atomic absorption spectrostopy ^ * 
* method. In waters thafare relativelWclean, 
such as drinking water, the leacf caj>*e ^ > 
dete^^ed by direct.aspiration^of the sample 
>^ into^BKnstrument. However, fpr \?ater high 



in solids or having a coneenfration'of lead 
beloW'iOO /ig/1 the extraction proc'edurie 
should be us^ji to enhance the^detection 
capabilities. 



' REFERENCES 

i Standardj^ethods for the Examination of Water ^ 
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This outline was prepare^by J. D« Pfaff, 
* National Training Center, MOTD, OWPQ* ^ 
H USEPA, Cincinnati, Ohi<^268. » , 

descriptors: Lead, 'Metals, Water Pollution, 
'Heavy Metals, Spectroscopy, Spectrophotomet^a 
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I SOURCES AND SIGNIFICANCE OF B0R61 
■'A Occxirrence . - 

- Boron is usually found as a sodium or 
calcium borate salt in nature. It is 
one of eight major bons^iiuents in sea- 
water where concentrations of 4. 5 
mg/liter!in the form of borate have been 
reported^ It is found naturally in trace 
amchiQts income waters or may be 
present from cleaning compoxmds and 
industrial waste effluents. 

B Uses 

Boron salts are used in leather tanning 
and finishing and in metallurgy, and 
^in the production of glass, fire retardants, 
cosmetics, cleaning compounds, photo-* 
graphic materials and high energy fuels. 
Elemental boron can be used in nuclear 
reactors for neutron absorption. 

C significance * ^ 

The determination of boron in wafers, 

industrial wastes^ and sewage effluents 
^ is .pai^ticularly important to agriculture. 

Boron in small quantities is an essential 
• element for plant growth. However, 
' boron in excess of 2.^0 mg/liter in 
f irrigation water, -is harmful to most ^""^^^ 

plants; some are affected by concentra-?«i^«^- 

tions as low as' 0. 75 mg/liter. 



There is no evidence that boron is * 
required' by animals. Ti\e ingestion 
of lar^e amounts of boron can- affect 
the- central- nexrvous system. However; 
drinking waters generally contain less 
than 0. 1 mg/Jiter. • Rarely do they 
contain more thap l. O mg/Uter which 
is still consideri^d Innocuous for htu^an 
consumption. * 



1 FEDERAL REGISTER METHODbiXDGY 
A NPDES 



The only method recognized in thfe 
Federal Register Guidelines]^ for 
Analysis under the National Pollutant 
Discharge Elimination System is a 
colorimetric method using curctmiin. 
Details of the procedure are in Standard 
Methods.A^) 

B SDWA 

Boron is not listed in the National Interim 
Primary Drinliing Water Regulations. 



SAMPLE HANDLING 



ni 

A Containers 



Polyethylene bottles or alkali-resistant/ 
boron-rfree glassware can be| used. 



B Preservation | 

Standard Metholis'does not list a preser- 
vation for'boron. samples V In an EPA 
publication^^), n is suggested to include 
a nitric acid rinse when cleaning sample' 
containers, and also to refrigerate sam- 
ples at 4 C. It then cites a holding period 
of up to 6 months. " i > 



IV THE CURCUMIN METHOD^^) v 

A. Summary^ \ " . " \ 

'* ' I . ^ 

A saniple of water containing boron is 
- acidified with hydrochloric aicid and 
' evaporated in the presence of curcumin. 
The reaction forms a red-colored pro- 
duct called rosbcyaiiine,. The f^osocyanine 
i§ taken up in ethyl alcohol and the red 
color in the solution is compared to that 
of standards in a spectropho|tometer at 
a wavelength of 540, nm. 

B The Curcumin Reagent 

^ ^ ' . i 

1. The chemicals are added 'to the sdmple 
in a single acidit^on of^ a combined 
curqumin rtsagenTS TMs jcgntains 
curcumin, the color reagent; oxalic 
acid which serves to intensify the 
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r 

colbri ^and concentrated hjrdrochloric 
acid to' control pH« Ethyl or isopropyl 
alcohol is the solvent because the pro- 
duct of the reaction, rosocyaninte, is 
soluble in alcohol* 

2* There are at least two interpretations 
of the^curcumin reaction^^) as shown 

_Jg^Figures 1 and 2, If Figure 1 is 
the correct interpretation,^ more 
curciiminis r^tjUired, Thus, the 
combined reagent is prepared, and 
measured to maintain an excess for 
either reaction as long as the boron 
. concentration is within the stated . , 
scope of the test* . 

OH 



0H+ 



,OMe 




Figure 1 
Curcumln-Rosocyanine Reaction 



One View 



C Scope and Application, 

The optijnum range of the test is 0, 1 
to 1»0 mg)liter boroi)* This range 
can be extended by dilution* Th^ 
method is applicable to drinking and 
surface. waters* domestic and industrial 
wastes* 

D • Pretreatment of Samples 

The Federal Register Guidelines do not 
specify any pretreatment such as digestion 
for determining total boron* To determine 
dissolved boron, the filtrate obtained from 
fntra^oa^lirough a 0« 45 u m membrane 
* , filter is to be used* 

E Interferences 

1* Hardness Cations 

Calcium, magnesium and other cations 
interfere with the spectrophotometric 
measurements* These form salts 
which will not dissolve in ethyl alcohol, 
thereby contributing turbidity to the 
solution of rosocyanine* Such cationic 
i interferences can be removed in two 
ways* 




OCH, 



Curcumin {TautomeriWorm) Figure 2 , 

Curcuriin-Rosocyanlne Reacfttaa 
Another View 



Rosocyanine 



Boron 



s 



a. For hardness content greater than 
100 mg/liter CaCOs^ the sample 
can be passed thz'ough a column of 
strongly aci(Uc cation - e^^change 
resin in the hydrogen form to remove 
the intezrfering cations prior to the 
determination. 

b. For smaller quantities, filter the 
samples after rosocyanine is formed 
and dissolved in the alcohoK 

. 2. Nitrate Nitrogen 

Nitrate nitrogen concentrations above n 
20 mg/liter interfere. 

F Variables to be Controlled 

U Voltimes and Concentrations 

Small volxmies (less than 1. 0 ml) are 
^jj^volved in.th^ analysis. Also, the 
^alcohol solvent has low viscosity. 
• Skillful pipeting is required^ Also, 

reagents must he very accurately 

prepared. 

2. Evaporation Time . . 

a. To insure equal time, evaporatisig 
dfshes must be identical in shape, ^ 
sJxe and composition. 

b. Since the time of evaporation 
affects the intensity of color, 
the procedure suggests a 
staxTLdagd ei^xty minute period 
for this step. 

/ ^ ' 

3. Temperature - 

The procedure specifies a water bath 
set at 55 + 2 C. 

V ACCURACY AND PRECISION 



%. Relative error 



A synthetic unknoikn sample prtfpitred by 
the i!^ilytical Reference Service, jPHS, 
containing 240 jig/liter B, 40 jig/Uter As, 
250 ug/liter Be, 20 ^g/liter Se and 
6 u g/liter V in distilled water wa^ 
analyzed in 30 laboratories by the 
corcumin method. Relative standard 



deviation was 22. i 
was 0%. 
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LABORATORY PROCEDXJRE FOR BORON, CURCUMIN METHOD 



I SOURCE OP PROCEDURE 



This procedure is from Standard 
Methods' The one difference 
presented here is an increase in the 
concentratipn of the standard boron 
iohition ana a related iacrease In 
volonies'when preparing the calibration 
standards. The change was made to 
minimize errors in the test that could 
occxir becaus^ such small volume 
measurements (less than 1. 0 ml) would 
otherwise be required. This does not 
constitute a variance in the methodology. 



n APPLICABILITY • 

. The test is applicable to concentrations 
*. of boron from't). 1 to 1.0 mg/litre. The 
range can be extended by dilution. It 
• can be used for drinking smd surface 
waters* domestic and industrial j|prastes. 

in REAGENTS ^ ^ 

Note: For storage of reagents it is 
preferable to use polyethylene, alkali- 
resistant glassware, or vessels made 
of ordinary soft glass* Borosilicate 
glassware should! be avoided for storage 
vessels. 

A Stock Boron Solution 

Dissolve-571.6 mg^ anhydarous boric acid, 
H3B03, in distilled water and dilute to 

* 1,000 ml; 1. 00ml= 100 ugB. Because 
H3BO3 loses wei^t on drying at 105 C7 
use a reagent meeting ACS specifications 
and keep the bottle tightly stoppered to 
prevent the entrance of atomspheric 

. moisture.^ • ^ 

B Standard Boron Solution^ 

On the day of iise, dilute 100. 0 ml of 
stock boron solution to 1000 ml with 
distilled waters 1. 00 ml ^ 10 ug B. 



Note: This Is 10 timfes the concentration 
cited 1q Standard Methods. The change 
was made to avoid later measurements 
of less th^ 1. 0 ml volumes. 

C Curcumin Reagent 

Dissolve 40 mg finely ground curcumin 
and 5. 0 g oxalic acid in 80 ml of 95% 
ethyl alcdhol contained in a 100 ml volu- 
metric flask. Add 4. 2 ml cone HCl and 
' y^ake the solution up to 100 ml with ethyl 
u^lcohol (isopropyl alcohol. 95% • may be 
\«^ed in place of ethyl alcohol). This- 
reagent will be stable for several days 
if stored in a refrigerator. 

D Alcohol 

Ethyl or isopropyl alcohol, 95%.' • 



IV EQUIPMENT PREPARATIONS 

A Evaporating dishes identical in shape, 
size and composition. Dishes should be 
clean and free-of scratches^ 

B Water Bath, checked and heated to a 
temperature of 55 2 C of a size to 
accomodate 5 evaporating dishes for 
standali^Ht plus evaporating dishes for 
the samples to be nm; 

C Spectrophotometer checked for accurate 
operation at 540 nm, with a minimum 
light path of 1 cm and warmed up for . 
operation. 



V ANALYTICAL PROCEDURE 

A Preparation of Calibration Standards 

Note: A calibration curve should be 
prepared each dayithe test is run. If 
the curve has been gstablished, prepares 
a hikok and the 0. 50 mg/litre standard 
to run with samples as vS check on the 
validity of the standard curve. 
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Laboratory Procedure' for Boron. Curcmnin Method 



On the data sheet, record the date 
and time analysis begins, 

2. Label four 100 ml volumetric flasks 
respectively as 0,20, 0.50, 0.80 
and 1.00 mg/litire boron, A fifth 

^ container for the distilled ^^Cgtjr 
J blank (0.00 mg/Utre boron) will also 
be' required. 

3. Pipet into each flask the correspond- 
ing ml of standard boron solution as 
shown In this table: 



Boron, 
mg per liter 


Boron. i 
• . ml Standard 


0.00 


None 


0.20 . 


2 


• 0.50 


5 


0.80 


8 


1.00 


1 



' 4.. Put about 40 ml of distilled water In 
the flask for the blank, 0. 00. 

5. Use distilled water to bring the 
voluijie to 100. 0 ml In the flasks 
containing standard boron solution. 

6. Stopper the flasks and mix well by 
ijOyerting. 

B Color Development * 



1. Mark five identical 100 ml evaporating 
dishes with the boron concentrations 
shown in the table above (A. 3. ). - 

2. yse clean, dry volumetric^ plpets (5) 
to n^eafifureM. 6 ml of tfie-«lank and 
of each standard into an evaporating 
dish labeled with the corresponding 
boron conc^tratlon. 

3. Record saihple Identification informa- 
tion on the dat^ sheet. 

* 

4. Mark evaporating dishes identical to 
those used for the standards with 
codes for the samples to be run. 



5. Use a clean,^ dry volumetric plpet for 
each sample to measure 1. 0 ml into 
the evaporating dish labeled with a 
code for that sample. (If analysis 
has shown that a sample Is beyond the 
1. 0 mg/litre boron limit of the test, 
the sample must be diluted i^o 1.0 ml 
of the diluted sample does fall in that 
test limit. Record the volumes if you 
dilute. I 

6. Use a volumetric plpet (for control) 
to add 4. 0 ml curcumin reagent to the 
solution In each evaporating dish. 

7. Gently swirl each. dish. 

0 

8. Float the. dishes on a water bath at 
^ 55 + 2 C and let them remain for 

80 minutes. 'This is usually sufficient 
for complete drying and removal of 
HCl. Keep the drying time constant 
for standards and samples. 

9. Remove the dldbes from the water bath, 
being careful that water from the bottom 
of dishes does hot drop into other dishes 
stUl in .the bath. 

10. Record the time because all spectro- 
photometrlc readings must be done 
within one hour from now. 

11. Allow the dishes to cool to room 
temperature.*' - . 

0 

C Dissolving the Residue 

1. For each sample, mark a 25 ml ' 
volumtrlc flask with the cdr responding 
sample code. 

^ 2. Ae- contents of the fevaporatlng dlslf^ . ^ ^ 
with the same code must be dip solved 
• and transfierred quantitatively^ to the^- 
i labeled 25 ml flask. Use at least. 3 
. ' snaall quantities of alcohol to do^thls. 
To dislodge and stir the residue Into 
solution, use a polyethylene rod. A 
medicine dropper works well for the 
actual transfer. The dropper should 
get a final alcohol rinse intS the flask. 
Use very small volumes of alcohol 
because 25 ml Is the final desired volume. 



74 



Laboratory Procedure for Boron, Curcumin Method 



3« Using alcoholf bring the volume In 
I the flask to 25. 0 ml.- Stopper the. 
flask and mix well by inverting. 

4. If the solution- appears tur6d, start 
"the filtra^LonjEEOcedu r e d es crib e d ^ 
D bclovr. ' While the aponple is filter- 
ing, dissolve s^d transfer the contents 
of the remaining evaporating dishes 
into appropriately -labeled 25 ml 
volumetric flasks using the directions 
in steps 2 and 3 above. -You have 
one hour to complete any filtratlons 
and transfers to the 25 ml volu- 
metric flasks and to take all the 
absorbance readings (E). 

D Filtration of Turbid Samples 

1. Mark a very small beaker with the 
sample identification code. 



2. 



\ 



4. 



ERIC 



Set up a filtration assembly consist- 
ing^ of a clay tjMangle on a Small ring 
connected to a stand and a small 
funnel with a Htted piece of Whatman 
No. 30 or equivalent filler paper. 
Do not ''^t" the filter ^paper. ^ 

Using a small glass rod, transfer 
portions of th^ 25. 0 ml of sample 
► from the flask to the filter paper. 

Do not rins^ the^flask. The sample 
has. already been measured a^ 25 ml. 
A quantitative transfer is not necessary 
at this stage. You only need about 
15 ml for the spe*ctrophotometric 
reading which is the next procedure. 



E Spectrophotometric Readings 

1. The instrument should be warmed up 
and set at a wavelength of 540 nm. 

, 2. Set the instroment at infinite absorbance* 

3. Use the blank (0* 00 mg/litre boron) • 

to set the instrument, at zero absorbance. 

4. Remove the blank and check if the 
scale reading returns to^infinite 

^ absorbance. If it doesn'^t , repeat steps 
"2, 3 and this step until the spectro- 
photometer^checks out. 



5. Record the tim6 on the data sheet 
to verify that the readings ate being 
taken within one hour of the end of 
the eV9.p6ratlon step. 

6. Rfad and record the absorbances of 
tue standards and of the samples on 
the data sheet. Use alcohol to rinse v 
outj^e cell after^^each use. ' 

F Calil^ratSbn Curve 

1. Plot the absorbances for the four 
calibration standards against their 
concentrations on an appropriately- 
labeled arithmetic graph. 

2. Draw the best -fit straight line along 
the points and through zero to produce 
a calibration curve. 

3. For each sample, use its absorbance 
reading and the csdibration curve to 
find its concentration. If the sample 
was diluted prior to analysis^ record and 
apply the appropriate dilution faQtor 

to the curve concentration to obtain ^ 
the final result. Sign the data she^t. . 

4. It is often convenient to express final 
results as ^g/litre bore 
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BOROI^ CURCUMIN METHOD 



EMPLOYER 



Item 




Sample * 


Sample 


^Sample 


Stand^jrds 


1 


Identification Code 

> 










2 


Type (grab or composite) 










3 


Date and Time Collected 










4 


Sample Collector ^ 




4 






5 


Date and 'Time Analysis Began 










B • 


Dttution Volumes 










7 


Time Evaporation Ended 










8 


Time Absorbances Read 










9 


Comments 












' ABSORBANCES AND RESULTS 


c 

t 

^ 




Identification 


Absorbance 


Dilution Factor 


Final mg/1 B 


10 


0. 00 mg/1 B 










0. 20 mg/1 B 










0. 50 mg/1 B 










0.80 mg/LB 










1. 00 HXg/1 B 








11 


Sample # 










Sample # 










Sample # 










sample* ^, 








12 


Analyst 




■ ) 





76 



|:er|c 



14-4 



0.60 



0.50 



o 

S 0.40 
o 
c/i 



0.30 



0.20 



0.10 



OtOO 



' ■ « » ' ' ' M 1 M I 1 1 t I I I M 1 M I M 1 1 I i 1 I M I M r I I I H M M M I H M I I i r H i n M I n I I I i I I I I II I I I I M I I I I [ 



J 



Determination of Boron, Curcumin Method 



DETERMINATION OF BORQN, CURCUMIN METHOD i 



CALIBR^ION GRAPH 
SIGNATURE OF PREPARER; 
DATE GRAPH WAS PREPARED: 



' • 1 



ill 



l-L ^ 



i 

(4 



r - 
! 



0.00 0.10 0.20 0.30 



0.40 0.50 Ov€(^ 

CONCENTRATIOfToF BORON mg/1 



-:-^0,70 



0.80 



0.90 



1.00 



I 

<CJI 
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7.7 



